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This is a scene over southeastern Texas and southwestern
Louisiana acquired by the advanced very high resolution radiometer
(AVHRR) on board NOAA-7, which is one of the family of Polar
Orbiting Environmental Satellites, on April 18, 1983, This image is
composed of the first two of the five channels available on the
NOAA-7 AVHRR. Channel 1 covers the green-red portion of the
visible spectrum, and channel 2 covers the near-infrared portion of
the spectrum, Channel 2 is displayed as red, and channel 1 is
displayed as green and blue. The other three channels available on
the AVHRR (not displayed in this image) are in the thermal portion
of the spectrum. Areas which are deep red and magenta in color are
oak-hickory-pine forests; red and pink colors are native vegetation
and agricultural areas. Clouds and water appear in their natural
colors. The varying tones of blue in the inland lakes and western
portion of the Gulf of Mexico are due to sun glint, while the varying
shades of blue in the eastern Gulf are due to turbidity. The
Dallas-Fort Worth metropolitan area (blue-green in color) can be
seen in the extreme top left portion of this image; the Houston
metropolitan area is visible in the bottom left (northwest of
Galveston Bay). Marsh Island and the Atchafalaya Bay area can be
seen in the bottom right. On the right side of the image is the Red
River Basin with its meandering tributaries and agricultural areas.

AVHRR data have provided an efficient and inexpensive source
of data for agricultural monitoring, condition assessment, and
change detection to augment existing satellite, aircraft, and ground
technologies.
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PREFACE

The AgRISTARS program was initiated in fiscal year 1980 in
response to an initiative issued by the U,S., Department of
Agriculture. Led by the USDA, the program is a cooperative effort
with the National Aeronautics and Space Administration, the
National Oceanic and Atmospheric Administration of the U.S.
Department of Commerce, the U.S, Department of the Interior, and
the Agency for International Development of the U.S. Department
of State,

The program goal is to determine the usefulness, cost, and extent
to which aerospace remote sensing data can be integrated into
existing or future USDA systems to improve the objectivity,
reliability, timeliness, and adequacy of information required to carry
out USDA missions.

The program is well underway, with encouraging progress having
been made in fiscal years 1980 1981,1' 1982,° and 1983 (as
documented in this report). The outlook is that aerospace remote
sensing will contribute to USDA information needs in a significant
way and, more generally, that the AgRISTARS effort will advance
this technology for use in other areas of national need.

* AgRISTARS Annual Report - Fiscal Year 1980; AP-)J0-04111,
Nationa! Aeronautics and Space Administration (NASA), Lyndon B.
Johnson Space Center (JSC), June 1981,

TAgRISTARS Annual Report - Fiscal Year 1981; AP-}2-04225,
NASA/)SC, January 1982,

§AgRISTARS Research Report - Fiscal Year 1982; AP-)2-0393,
NASA/)SC, January 1983,




CONTENTS

Section Page
1. PURPOSE..........l............'...Il.....".l...............l....ll 1

The objective and scope of the report and source for additional
information.

2. INTRODUCTIONo..'....Ql'DO....0...0-C.O...C.l.........o......l....0 3

A description of the AgRISTARS program rationale and objectives,
participants, and approach.

3. PROGRAM SUMMARY .eceeeesascessssascessssssoncccssosnasasccansasece 7
A summary of program progress.

4., PROJECT TECHNICAL HIGHLIGHTS . cieeeoccooscccossncossssssssasasses 13
An overview of each project, technical objectives, and accomplishments.,
4,1 EARLY WARNING/CROP CONDITION ASSESSMENT seeecsesescscncsaaas 13

4,2 INVENTORY TECHNOLOGY DEVELOPMENT/SUPPORTING
RESEARCH ® 00 0 0 00 0000 OO0 OO0 0 0N G e 00N OSSN S CS OO ES NSO N O SERe 26

4.3 YIELD MODEL DEVELOPMENT cecesecccsscscsocsossssssscccsssssses 42
4.4 SOIL MOISTURE cevecevevcscssonscscssscccscsssasnsccccsssesscscscssse DI
4.5 DOMESTIC CROPS AND LAND COVER ceeeeeossveoccssssssccssasssss 63
4,6 RENEWABLE RESOURCES INVENTORY teveevennccscssscssscocsccsss 67

4.7 CONSERVAT'ON AND POLLUT'ON ® @ 8 9 00055 00 LSS SO0 GBS S0 E e 0N 0N eDN 69

Appendixes
A, AgRISTARS MANAGEMENT AND ORGANIZATION  ccessesececnsosnsosccnss A-l

B. AgRISTARS PROGRAM AND PROGRAM-RELATED DOCUMENTS c.cvvveees B-1

PRECEDING PAGE BLANK NQT FlLkl)



Figure

10

11

12

13

14

15

16

17

FIGURES

Page
NOAA-AVHRR image of the Southern United Stat€Seceesesesseccccssscccess 9

Progression of severe drought in the Orinoco and Mehta River
Basins of Colombia and Venezuela during early 1983.ccecescccccccscscecses 10

NOAA-8 image of phytoplankton bloom off northeast coast of

Australia..............'.......ll......ll........................... 11
Comparison of model-estimated corn phenology with ground data sceceveess 14
Comparison of model-estimated wheat phenology with ground data..cece... 14

The effect of leaf rust on remotely sensed vegetation index
numbers during the growing season for wheat.sececocecasccssscsccoscasss 14

Estimated 1982 and 1983 wheat yield reduction potentials for
major wheat provinces in Chindcesseesesssesscccscscssosscssesscsnscsses 15

Seasonal trajectories depicting rangeland and total scene
vegetation indices (AVIl) and the crop moisture indeX seeeeccescccscscccsses 16

Northern Hemisphere composite AVHRR image of the normalized
difference vegetation index, August 23-29, 1982, cvesecencescsenscessscss 19

Northern Hemisphere composite AVHRR image of the normalized
difference vegetation index, March 21-27, 1983 .ivceeeccencsacvscccasses 20

Observed daily total insolation versus satellite estimates
USinghour‘y GoESdata "......"..........................0......... 21

Shelter temperature plotted against satellite estimates for clear
and partly cloudy retrievals for April through July 1981 ..cseecovncescccss 22

A field of precipitation estimates superimposed on cloud
imagery for a mapped AVHRR SCene: coceceesacvasssvsscsosssssacacscscs 23

Prevailing nadir atmospheric transmission, ground-measured, and
NOAA-AVHRR minimum digital counts before and after the

El Chichon Volcano eruptions ceesssesssssssssscsosscccocccsoscscssccee 24
Geometric and solar correction of NOAA AVHRR data. eveseeessssescscss 25

Classification results, segment 0682, Salto, Argentina. cecesecececscseccsee 27

A color-coded classification map of @ TM SCENE ceceeosssccnssscsccrnscees 28

vii

PRECEDING PAGE BLANK NOT FILhich




Figure
18

19

20

21

22

23

24
25

26

27

28

29

30

31

32

33

34

Page
A color-coded misclassification map of @a TM SCeN€ vveevecsvessccsosssass 29
Separability results for corn and soybeans using the Fisher
information function on multitemporal TM and TMS data over
Webstercounty'lowa’1982 B0 00 0 6 00 05 0 0PSO O PO OGSO PO OO NS E NN N PSS 30

Single-date TM analysis of Arkansas scene, August 22, 1982, ¢v.vvveeessces 31

Band combination analysis using single-date data, Arkansas
scene’ August22'1982‘ ® 6 6 0 00 00 0 08 058 00 0PSO 0L O PO OO OO0 E SO0 SN S NS 32

Accuracy of per-pixel supervised land cover classifications of
northeastoklahoma ® 0 0 80 & 0 0000 6000 0P VOO O LS OO OO0 SO LO PN LN NN 0N 0 S0D 32

Accuracy of field-based single and multichanne! supervised
land cover classification of northeast Oklahoma ¢cceeeeccecscscsescccessees 33

A three-sensor view of Lake Chicot, Arkansas, September 23, 1982,.,...... 34
AVHRR view angle effect on vegetative indeXevcesessoccasescccsscsceses 35

Spectral separability results for tree species within the boreal
forestofMinnesota.l..............I...l......I........‘...‘..‘..C‘.. 35

Radar backscatter histogram: pine versus hardwood veeveecssvecccscacees 36

Location of reflectance spectra curve types of highland low
organic matter in greenness and brightness vector space.ceeecsescscsessee 37

TM band 5 overlaid on Mississippi County, Arkansas, general

SOiIS map.oo.n-ooonuo-ool-ooa.oooooooo0o.ooooo.o.o---'ooouo.ooo.oo.- 38

Band 4:3 ratio image of a TMS scene showing variation in
vegetation density over a portion of the Superior National

Foresto €0 ¢ 0000000800000 0500000060000 0000000080600 0600000000s00000ss00ssses 40

Variation of the NIR/RD (band 4:3) ratio and leaf area index (LAI)
during the growing season for unburned and burned control areas
within the Konza Prairie cececescecsssscscocsscscososssccsssscscscscssscse 41

A comparison of measured wheat yields with estimated yield
using the CERES-wheat model for a diversity of environments.ccceeeeeeses 43

CERES winter wheat model estimates of USSR spring wheat growth
Stages’ luly 31,1983l....O....I.......l.....l...'Q.........l......... 43

Comparison of CERES-maize mode! yield estimates with USDA
OffiCialeStimateS S0 3 00 PP I LI EL 0000000000000 0000800000000000000s000.0 44

viii




Wije

Figure

35

36

37

38

39

40

41

42

43

44

45
46

47

48
49
50

51

52

Regression yield models developed for corn and soybeans in
Argentina and for wheat and corn in Brazil ecoeececerecccccersstsssccncnce

A vegetation progress map of Northern Africa derived from
AVHRR vegetationindices............'..‘...I.......'......'.........

Comparison of changed vegetation conditions between 1982 and
1983 in the Central United States, derived from AVHRR vegeta-
tionindices"..'l.l..lI.....C...l...Q........‘.0.........'.0.000'...

Predictions Of 1983 UoSo corn yie|dS from AVHRR.....-oonooooooooooooooo

Effect of corn stalk orientation on measured brightness
temperature with vegetation biomass held constant. ¢eceeceserteccecscsces

Time series microwave emissivity values expected from three
different soils during a simulated soil moisture dry-down.seeceeeeeccosssase

Maryland corn field soil moisture versus brightness
temperature, 1983..............I......................‘.............

Dielectric dependence of plant canopy components on plant
moisture Content. I FEEEEEREEEERENENNE NN I I I I AR B A R B I BCEC RN BRI I R B IR I

Microwave measurements of canopy attenuation in crop development

fOr wheatooooooooono-oool.cll-oaooooo---oo---o.ooooo.ooo..otooooooot

Microwave measurements of canopy attenuation in crop development

forsoybeans. © 0 0 0 08 00 86 000 00 00 0650600000068 0600606000000 00600069 ¢ 0680000000000
Net microwave measurements of canopy attenuation for soybeans sccveeees
Comparison of canopy attenuation among Various CrOpPSececececsccccscsccces

Effect of free water on X-band backscatter in mature winter

WHEAt eeesvescessssssassosasessseasssssssosssscsssscssssssesasscsnnsos
Simulated C-band orbital radar imagery. soceecscosscccscscssccsssssssnns
Actual and predicted soil moisture distribution forday 141, c.eeececcncsnsce
Effects of geographic size on moisture classification accuracy eeceesececes

Comparison of model calculations and scatterometer data for a
grassland watershed in Oklahoma. sveveeececccoorscecssacssscennssccces

Seven-state area for which M SS and ground data were combined to
produce crop acreage estimates forthe 1983 crop year. ceeeesccesccoccces

Page

46

48

48

49

52

53

58

58

64



Figure Page
53 Comparison of USGS topographic map and crop-odds map. ceceessescscsess 66

54 Discharge simulation for the Kings River Basin, California,
usingthesnowmelt-runoff model. ® 9 8 00 S0 0SSO0 OS O DOL SO OEOO PO ED OSSO EE PSS 71

55 Structure of remote sensing based continuous streamflow model
currently under development.ecceeceeceeccecsccccossenssscccssccnsssee 72

56 A comparison of the horizontal and vertical polarizations of

snowdepth. [ EREEEEXEE R N I I I I R B R B B I I N R S R R B R B N B B N RN Y N N N B R R N R R B N B AR B B 73
57 Reflectance of soybeans in the visible portion of the spectrum sceveeescsss 73
A-1  AgRISTARS responsibilities of five Government agencies cceeecccocacessee A=2

A=2 Joint agency program management and functional relationshipseccccceeesss A=3




ACCS
AgRISTARS

agromet
AID
AMMR
APU
ARS
AVI
AVHRR
CAM
CCT
CEAS
CERES
CMI
c/P
CPU
CRD
Cwsli
DC/LC
DCM
EDIS
ET

EVI
EW/CCA
FAS
FY

Gis
GLAL
GMI
GOES
GSFC

ACRONYMS AND ABBREVIATIONS

Ambroziak Color Coordinate System

Agriculture and Resources Inventory Surveys Through Aerospace
Remote Sensing

agricultural-meteorological

Agency for International Development
airborne multichannel microwave radiometer
agrophysical unit

Agricultural Research Service

Ashburn vegetative index

advanced very high resolution radiometer
correlation area method

computer-compatible tape

Center for Environmental Assessment Services
Crop Estimation through Resource Environment Synthesis
crop moisture index

Conservation and Pollution

computer processing unit

crop reporting district

crop water stress index

Domestic Crops and Land Cover

digital count minimum values

Environmental Data and Information Service
evapotranspiration

environmental vegetation index

Early Warning and Crop Condition Assessment
Foreign Agricultural Service

fiscal year

geographic information system

green leaf area index

Gray/McCrary index

Geostationary Operational Environmental Satellite

Goddard Space Flight Center

Xi



HIRS/2
1ICC
1IFOV
IPAR
ITD
JES
JPL
JscC
LAL
MIMPT
MSS
NASA
NESDIS
NESS
NMR
NOAA
NRI
NWS
NWSRFS
pixel
PMGC
ppm
RMSE
RRI
SAM
SAR
SCS
SIR-A
SM
SMMR
S/N

SR
SRM
SRS

high resolution infrared radiation sounder 2
Interagency Coordinating Committee
instantaneous field of view

intercepted photosynthetically active radiation
Inventory Technology Development

June Enumerative Survey

Jet Propulsion Laboratory

Lyndon B. Johnson Space Center

leaf area index

Multiresource Inventory Methods Pilot Test
multispectral scanner

National Aeronautics and Space Administration
Nationa! Environmental Satellite, Data, and Information Service
National Environmental Satellite Service
nuclear magnetic resonance

National Oceanic and Atmospheric Administration
National Resource Inventory

National Weather Service

National Weather Service River Forecast System
picture element

Program Management Group

parts per million

root mean square error

Renewable Resources Inventory

satellite, agronomic, and meteorological
synthetic aperture radar

Soil Conservation Service

Shuttle imaging radar A

Soil Moisture

scanning multichannel microwave radiometer
signal-to-noise

Supporting Research

snowmelt-runoff model

Statistical Reporting Service

Xii




TAMW
TIROS
™
TMS
TOVS
USDA
usDC
USDI
USsGS
USLE
Vi
VIN
WMO
YMD

Texas A&M wheat model

Television Infrared Observation Satellite

thematic mapper

thematic mapper simulator

TIROS operational vertical sounder
U.S. Department of Agricuiture
U.S. Department of Commerce
U.S. Department of Interior

U.S. Geological Survey

universal soil loss equation
vegetation index

vegetation index number

World Meteorological Organization

Yield Model Development

xiii



l.  PURPOSE

The purpose of this report is to
present the major objectives and
accomplishments of the Agriculture and
Resources Inventory Surveys Through
Aerospace Remote Sensing (AgRISTARS)
program and its eight component
projects during fiscal year (FY) 1983,

This report includes an introduction
to the overall AgRISTARS program, a
general statement on progress, and
separate summaries of the activities of
each project, with emphasis on the tech-

nical highlights. Organizational and
management information on AgRISTARS
is included in the appendixes, as is a
complete bibliography of publications
and reports. Additional information may
be obtained from:

AgRISTARS Program Management Group
Code SC
NASA-Lyndon B. Johnson Space Center
Houston, Texas 77058
Telephone: 713-483-2548
(FTS: 525-2548)

( Inventory Surveys Throu}ih

L

Agriculture and Resources

A

AgRI

L.
{ #r USDA ¥ NASA +r USDC ¥« USDIvx AID ﬁv

i

Buisuag ajowsay ooedsoisy




2. INTRODUCTION

AgRISTARS is a long-term program
of research, development, test, and eval-
uation of aerospace remote sensing to
meet the needs of the U.S. Department
of Agriculture (USDA). The program is a
cooperative effort of: the USDA; the
National Aeronautics and Space Adminis-
tration (NASA); the U.S. Department of
Commerce (USDC) through the National
Oceanic and Atmospheric Administration
(NOAA); and the U.,S. Department of the
Interior (USDI). In addition, the Agency
for International Development (AID)
participates as an ex officio observer and
potential future user agency.

In 1978 the Secretary of Agriculture
issued an initiative, in response to

which the participating agencies estab-
lished the AgRISTARS program. In 1980
the program was initiated as an effort
based on satisfying current and future
requirements of the USDA for high-
priority agricultural and other renewable
resources type information. This infor-
mation is important to the USDA in
addressing national and international
issues on supply, demand, and competi-
tion for food and fiber.

1)oint Program of Research and
Development of Uses of Aerospace
Technology for Agricultural Programs,
February 1978.

4 BENEFITS FOR DECISION MAKERS N

DATA FOR:

MARKET ANALYSIS

POLICY FORMULATION
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RELATED
MANUFACTURING -

Remote sensing technology is being developed to give timely, reliable information to those concerned with the worldwide status of

renewable resources.
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The overall goal of AgRISTARS is to
determine the feasibility of integrating
aerospace remote sensing technology
into existing or future USDA data acqui-
sition systems. Determining feasibility
depends upon the assessment of numer-
ous factors over an extended period of
time. Determinations of the reliability,
costs, timeliness, objectivity, and ade-
quacy of information required to carry
out USDA missions are planned in the
program. The overall approach consists
of a balanced program of remote sensing
research, development, and testing which
addresses a wide range of information
needs on domestic and global resources
and agricultural commodities.

In this initiative the USDA identified
the following seven information require-
ments:

e Early warning of change affecting
production and quality of com-
modities and renewable resources

e Commodity production forecasts

e Land use classification and measure-
ment

e Renewable resources inventory and
assessment

e Land productivity estimates

e Conservation practices assessment

® Pollution detection and impact eval-

uations

Based on these information require-
ments, as well as on a specific immedi-
ate need for better or more timely infor-
mation on crop conditions and expected
production, the AgRISTARS technical
program was developed. It consists of
eight projects which address all seven of
the USDA information needs with a clear
emphasis on the first two, early warning

AgRISTARS PROJECTS

EARLY WARNING
AND

CROP CONDITION

ASSESSMENT

INVENTORY
TECHNOLOGY
DEVELOPMENT

SUPPORTING
RESEARCH

DOMESTIC
CROPS AND
LAND COVER

MANAGEMENT

CONSERVATION AND
POLLUTION

RENEWABLE
RESOURCES
INVENTORY

PROGRAM

YIELD
MODEL
DEVELOPMENT




of change and commodity production
forecasts. The eight projects include the
following:

Early Warning and Crop Condition
Assessment (EW/CCA)

Inventory Technology Development
(1ITD)

Supporting Research (SR)

Yield Model Development (YMD)

e Soil Moisture (SM)

® Domestic Crops and Land Cover
(DC/LC)

e Renewable Resources Inventory (RRI)
e Conservation and Pollution (C/P)

Even though each project has its
specific set of objectives, the projects
are interrelated both through mutuality
of data needs and through much common
technology.



3. PROGRAM SUMMARY

The AgRISTARS program has been
underway for 4 years. During this time
significant progress has been made in
evaluating, analyzing, and using various
types of remote sensing data for
agricultural applications.

Research conducted by the
AgRISTARS projects has been evaluated
by USDA agencies, and selected tech-
niques have been incorporated into the
domestic and foreign operational crop
production estimation programs. During
FY 1983, the AgRISTARS program
focused on three areas: technology
transfer, basic research, and evaluation
of the NOAA satellites.

Technology Transfer

The USDA  Statistical Reporting
Service (SRS) used acreage estimates
generated from Landsat multispectral
scanner (MSS) data to support U.S. crop
estimates. Acreage estimates for seven
states - Arkansas, Colorado, Illinois,
lowa, Kansas, and Missouri - calculated
by combining Landsat MSS with ground
data, were twice as efficient as
estimates wusing ground data alone;
projected costs per state associated with
using Landsat data have been drastically
reduced, thereby enhancing Landsat's
utility to domestic crop production
estimation.

e A revised wheat yield reduction
model was transferred to the Foreign
Agricultural Service (FAS) and tested
in both the USSR and China. Model
results compared favorably with non-
satellite data sources.

e FAS also used the Crop Estimation
through Resource Environment
Synthesis (CERES) winter wheat
model to produce operational yield
estimates for the USSR,

@ The CERES-maize model was used in

real time (1983 crop season) to
evaluate the U.S. corn crop and the
impact of the drought on corn yield.

e The Soil Conservation Service (SCS)

is reviewing Landsat change detec-
tion techniques for possible use in the
National Resource Inventory (NRI)
programa.

e The USDA Forest Service placed con-

siderable emphasis on transferring
remote sensing techniques to field
users by conducting several advanced
remote sensing and photo interpreta-
tion workshops.

® Results from 14 international basins

indicate that the accuracy of the
snowmelt-runoff model (SRM) for
simulating seasonal water Yyield
{(volume) is 97 percent and for daily
flows is 85 percent. This model is
ready for conversion to operational
forecasting.

e Vegetation indices developed in

AgRISTARS, using the Landsat MSS
or the NOAA advanced very high
resolution radiometer (AVHRR), are
used operationally by estimating and
forecasting groups in USDA, NOAA,
and AID.,

Principal Technical Accomplishments

e A major technical interchange
meeting was held between
AgRISTARS participants and other
government and non-government
researchers on the use of the NOAA
satellites AVHRR for agricultural
applications.

e Methods to estimate precipitation,
daily temperature extremes, canopy
temperatures, insolation, and snow

PRECEDING PAGE BLANK NOT FILNED



cover from meterological satellites
are in the final phases of testing and
evaluation.

Continued evaluation of thematic
mapper (TM) data for crop identifica-
tion, land cover separability, and
forest species discrimination has
shown that TM data can discriminate

to levels 1l and Il of the U.S.
Geological Survey (USGS) land cover
categories. The TM's improved

accuracy is attributed to better
spatial and radiometric resolution,
improved wavelength (band) cover-
age, and better signal-to-noise (S/N)
ratio.

Improved spectral and spatial resolu-
tion of TM offers the potential to
separate important soil properties
even in regions with similar soils and
under a dense vegetation canopy.

A soybean phenology (growth stage)
model was developed and tested. The
results indicate that the model will
generate reliable estimates of
soybean growth stages over a wide
range of climatic conditions.

Agroclimatic reference handbooks
were prepared for Argentina, Brazil,
and Australia.

Microwave remote sensing of bare
soil produced repeatable and
quantifiable results regardless of
geographic location and sensor
system used, thereby demonstrating
the potential of microwave remote
sensing for estimating soil moisture
over large areas.

The Multiresource Inventory Methods
Pilot Test (MIMPT) was completed.
The MIMPT demonstrated the poten-
tial use of Landsat data for conduct-
ing recurrent forest inventory and
assessment activities over large
areas.

e Preliminary data analysis during

FY 1983 indicated that some conser-
vation practices could be successfully
detected in Landsat TM data, but a
number of existing practices are of
such size and definition that present
sensors and standard techniques can-
not detect them with great accuracy.

e A new hydrologic model has been

developed to incorporate remote
sensing information from various
sensors for water resources manage-
ment. This model will be field tested
in FY 1984,

Major Research Focus During FY 1983

During FY 1983 a major part of the
research effort focused on the use of the
NOAA polar-orbiting satellites for agri-
cultural monitoring and condition assess-
ment. The NOAA satellites have
AVHRR's onboard that collect data in
the visible, infrared, and thermal bands.
The spectral response of the visible and
near-infrared bands is similar to bands 5
and 7 on the Landsat MSS. The AVHRR
continuously scans the globe at a resolu-
tion of 1 kilometer. The 1-kilometer
data is aggregated automatically to a
resolution of 4 kilometers onboard the
satellite in order to conform to data
storage constraints. About 10 minutes of
selected higher resolution 71-kilometer
data can be stored onboard during each
orbit. The advantage of the NOAA
satellites for monitoring vegetation is
that they provide daily observations,
while Landsat has a repeat time of 16
days. Problems with cloud cover are
much less severe with daily observations.
The trade-off for daily coverage is reso-
lution. Only a small part of the Earth
can be observed daily at the full 1-kilo-
meter AVHRR resolution; daily global
coverage is obtained at a 4-kilometer
resolution.

During FY 1983, basic research was
conducted on improving the processing
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efficiencies of the AVHRR data through In the applications area, various
cloud screening techniques, geometric daily, global, and composite vegetation
rectification, registration, scan angle indices (VI's) were produced (fig. 2) and
corrections, and swath width studies used within the assessment groups at
(fige 1)« Additional studies investigated USDA, NOAA, and AID.

the use of the thermal bands for estima-
tion of precipitation, temperature,
surface evaporation, and ocean water
reflectances.

Pigure 1.- NOAA AVHRR image of the Southern United States. This image product
is the western half of a full AVHRR scan. It illustrates the effects of scan
angle on data distortion. The Winter Wheat belt of Oklahoma and Kansas is the
red area in the central portion of the image.
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Figure 2.- Progression of
severe drought in the Orinoco
and Mehta River Basins of
Columbia and Venezuela during
early 1983. This new opera-
tional product of aggregated
AVHRR daily data is available
weekly and is designed to give
analysts a quick-look of the
overall environmental trends.

The browns in Columbia and
Venezuela document the dessi-
cation of the grasslands that
was associated with EL Nino of
1982-83. Also noticeable is
the greenness contrast between
the two nations of Haiti and
the Dominican Republic on the
Island of Hispaniola. The
cause of the lower greenness
in Haiti (western end of the
island) is due to severe
deforestation (less than 2% of
the country remains as forest)
and subsequent erosion.
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The AVHRR was able to track catas- The NOAA polar-orbiting satellites
trophic or large area events - Mexico's have provided an efficient, inexpensive
El Chicon volcano eruption, drought in source of data for agricultural monitor-
the African Sahel, and reductions in the ing, condition assessment, and change
water level of Lake Chad, and a massive detection to augment existing satellite
phytoplankton bloom off the northeast and ground technologies.

coast of Australia (fig. 3).

Figure 3.- NOAA-8 image of phytoplankton bloom off northeast coast of
Australia. This image was taken in December 1983 of a portion of the Great
Barrier Reef. The chlorophyll greenness signature being exhibited by this
mass of single~celled blue-green algae covered about 30,000 square kilometers
of the Capricorn Channel off the coast of GQueensland, Australia. The
greenness of this phytoplankton bloom equals that measured for soybeans
previously. Water depths in this region are generally less than 100 [feet over
a coralline sandy bottom. The entrapment of this phytoplankton concentration
in the Capricorn Channel is probably related to entrainment in a warm-core
gyre being spun out of the Coral Sea, a normal occurrence in this region
during the Southern Hemisphere summer.
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4. PROJECT TECHNICAL HIGHLIGHTS

Technical highlights of the eight
AgRISTARS projects are given in this
section. Project overview, FY 1983
objectives, and accomplishments are
discussed.

4.1 EARLY WARNING/CROP CONDI-
TION ASSESSM ENT

The EW/CCA research project is
designed to develop remote sensing tech-
nology and crop simulation models that
provide early warning of actual or poten-
tial plant stress and that provide alerts
for optimal crop conditions. The project
activity includes development and test-
ing of techniques for monitoring and
assessing conditions that may impact
crop production in foreign and U.S.
areas, Major commodities for which
technology is being developed include:
small grains (wheat and barley), corn,
soybeans, sorghum, sunflowers, and
cotton.

EARLY WARNING OF CONDITIONS AFFECTING CROPS

This project will assist

the USDA in tracking the

condition of major crops

in the United States and

foreign countries. %
re

Techniques using data from
satellites to measure the
effects of drought on crops
are well developed, and the
areas of the crops affected
can be accurately meas-
ured. Other types of crop
stress are also being
studied.

stress

Technology developed in the EW/CCA
project will be transferred to elements
within USDA. For example, the
USDA/FAS is responsible for providing
early warning of changes that may affect

crop production in foreign countries and
for assessing crop conditions in general.
They have provided research require-
ments and have requested that specific
technology be transferred to their
Foreign Crop Condition Assessment
Division.

The EW/CCA project is managed by
the USDA Agricultural Research Service
(ARS) with participation by NASA,
NOAA, and other USDA agencies.

4.1.1 Technical Objectives
The FY 1983 objectives were:

® To continue development and evalua-~
tion of various simulation models and
satellite data to provide timely alerts
of abnormal conditions on a global
basis.

e To provide improved definition of the
relationships between plants and their
environment and factors affecting
the growth cycle.

o To determine and quantify relation-
ships between factors such as crop
stress, the environment, and spectral
responses.

e To investigate the utility of multi-
sensor data for agricultural applica~-
tions and to improve the capabilities
for using NOAA satellite data for
indicating and monitoring crop
conditions.

4.1.2 Crop Stress Indicator Models
Models are being developed, tested,
or improved to provide information

concerning crop stress.

A satellite, agronomic, and meteoro-
logical (SAM) data base for Missouri,

PRECEDING PAGE BLANK NOT FiLM&G
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North Dakota, and South Dakota was
developed to test and evaluate the
accuracy of the wheat, corn, and sor-
ghum stress indicator models. The SAM
data base was established using ground-
truth information obtained from the
USDA/SRS weekly crop weather bulle-
tins, plus data extracted from the
EW/CCA geographic data base. The
stress models track crop phenology and
soil water status and provide stress
alerts. Each component is being evalu-
ated for accuracy and for relationships
among available soil water, crop phenol-
ogy, stress alerts, and various vegetative
indices computed from satellite data.
The crop stage model components appear
to be quite accurate for corn (fig. 4).

+————e GROUND TRUTH

MOD—N  FDOIOO T O M0
E
1

e———e MODEL RESULTS

9 2 4 6 8 18 12 14 16 183 28 @@
UEEK

Figure 4.- Comparison of model-

estimated corn phenology with ground
data.

However, the spring wheat phenology
component (Robertson's crop calendar)
appears to estimate inaccurately crop
phenology after the heading stage
(fige 5)a This conclusion is based on
limited testing;, additional testing is
continuing, and modifications will be
made to improve the model's accuracy.

Efforts continued toward the devel-
opment of a meteorologically driven
stripe rust indicator model and spectral
responses associated with rust-infected
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Figure 5.- Comparison of model-
estimated wheat phenology with
ground data.

wheat and barley. Figure 6 illustrates
the influence that rust has on spectrally
derived VI values [(channel 7 - chan-
nel 5)/(channel 7 + channel! 5)] computed
from data collected with a handheld
radiometer. Spectral VI's began to
decrease soon after wheat plants were
inoculated with rust spores. As the

MONTANA RUST DISEASE STUDY
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s———e DISEASE

e——e CONTROL

MOZIMOMNTID  OMN=-TDIROZX
©
o
1

9.3
T T T ¥ ¥ T L T
14JUN  24JUN  B4JUL 14JUL  24JUL  B83AUG 13AUG  23AUG
DATE - 1982

Figure 6.- The effect of leaf rust
on remotely sensed vegetation index
numbers during the growing season
for wheat.




plants matured and the disease level
increased, V! values became increasingly
smaller than those from nondiseased
plants. This provided evidence that crop
conditions may be monitored from satel-
lite platforms for the presence of disease
if favorable conditions exist for disease
outbreaks. The meteorologically driven
rust indicator model should provide
information suggesting which moisture
conditions are favorable for rust epi-
demics. Since good moisture conditions
must exist for rust outbreaks to occur, a
decline in VI numbers may be attributed
to disease and not to drought.

A conceptual design was developed
for a harvest loss wheat model based on
3 years of field and laboratory studies
conducted in North Dakota. The model
will provide information relative to
sprouting, quality, and vyield loss. A
major problem associated with model
development is the inability to determine
drying rates following a period of precip-
itation. Humidity measurements, if
available from first order weather sta-
tions, would be useful in predicting the
dry-down rate.

4.1.3 Condition Assessment

Major modifications were made to a
wheat yield reduction model developed in
1982. The revised model was transferred
to FAS and tested in both the USSR and
China. Figure 7 illustrates the results
obtained for three major winter wheat
producing provinces in the North China
Plain. The model suggests that the po-
tential for yield reductions was greater
in 1982 (53 percent) than in 1983
(42 percent). Reports from China verify
that better yields were obtained in 1983
than in 1982, Additional testing of this
model will be accomplished using the
SAM data base and ARS experimental
plot data from various research locations
in the United States.
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Figure 7.- Estimated 1982 and 1983
wheat yield reduction potentials for
magjor wheat provinces in China.

A crop water stress index {(CWSI) was
calculated for cotton plants exposed to
different early season irrigation treat-
ments. It was responsive to plant water
status, attaining minimum values follow-
ing an irrigation and then increasing
gradually as plants depleted soil moisture
reserves. The final yield of seed cotton
was significantly and inversely corre-
lated with the average midday CWSI
observed over a 3-month fruitsetting
interval. This information can be used to
establish guidelines for using infrared
thermometry for scheduling cotton irri-
gations and for quantifying the magni-
tude and duration of stress between irri-
gations in order to achieve the appro-
priate balance between vegetative and
reproductive patterns of growth,
Infrared thermometry provides several
important advantages over conventional
approaches for quantifying stress and
monitoring yield potential. It is a rapid,
nondestructive technique which can be
used to survey large acreages in a cost
effective fashion while circumventing
many of the sampling problems associ-
ated with point measurements.

In 1982 the EW/CCA project reported
that Landsat VIN's of native rangelands
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could be used to monitor drought stress
in adjacent croplands. Continued
research in 1983 suggests that Vl's com-
puted for all picture elements (pixels)
within a segment may provide drought
stress information similar to that of
native rangelands (fig. 8). The results
show that VI's computed for rangeland
areas and those for all pixels within the
segment followed similar patterns
throughout the season and that both
trajectory curves respond to increasing
or decreasing crop moisture index
levels. These findings suggest that
NOAA-AVHRR satellite data (1-kilo-
meter resolution) can provide adequate
information to monitor crop moisture
stress in the U.S. Great Plains or in other
semiarid regions of the world.
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Figure 8.- Seasonal trajectories
depieting rangeland and total scene
vegetation indices (AVI) and the
erop moisture index.

4.l.4 Crop/Spectral Research

Techniques are being developed and
tested to incorporate spectral indicators
of vegetation development and growing
conditions into agrometeorological
growth and yield models. For example,
interrelations exist between leaf area
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index (LAIl), intercepted photosyntheti-
cally active radiation (IPAR), yield, and
spectral Vl's derived from remote obser-
vations of plant canopies.

Spectrally derived VI's can be used to
estimate LAl and IPAR for use in plant
growth/yield model algorithms developed
from experimental data. Relationships
between yield and VI's can provide inde-
pendent checks for agrometeorological
growth and yield model outputs.

The reflectance of solar radiation by
the soil background complicates the
discrimination of vegetation by remote
sensing. To study this effect, dry and
wet reflectance data, for 20 soils cover-
ing a wide range in spectral properties,
were obtained with a handheld radio-
meter. Principal components analysis
was used to study the distribution of soil
spectra in four-dimensional space and to
define a mean soil line. Analysis of the
mean soil line showed that it was not
possible to discriminate bare soil from
low vegetation densities. Greenness
measurements were shown to be sensi-
tive to both soil type and soil moisture
condition. In contrast, the use of indi-
vidual soil lines as a base to measure
greenness minimized soil background
influence and improved vegetation
assessment, particularly in the case of
low green plant canopy covers. These
results show the importance of using
specific soil spectra in vegetation
discrimination.

In another study, spectral reflectance
at two wavelengths (0.55 and 0.65 milli-
meters) was investigated using single
leaves of fertilized and nonfertilized
buffelgrass. Chlorophyll concentration
and nitrogen content were less in nonfer-
tilized leaves than in leaves receiving
more than 112 kilograms of nitrogen per
hectare. Significantly higher refiectance
values, at the 0.55-millimeter wave-
length, were measured from nonfer-
tilized than from fertilized leaves.




Nonfertilized plots could also be dis-
tinguished from fertilized plots using
color-infrared aerial photography. These
results indicate that leaf reflectance
measurements may be useful for esti-
mating protein content and green bio-
mass production of buffelgrass.

Reflectance measurements of
Produra wheat fields were made at 13
different times of the day at Phoenix,
Arizona, using a handheld radiometer
with bandpass characteristics similar to
those of the Landsat MSS. The major
objective was to determine the effect of
changing sun angles on the reflectance
properties of canopies in various phe-
nological stages and with different levels
of green leaf area index (GLA!). Results
indicated that diurnal changes in each of
the four Landsat wavebands and several
indices derived from them are related to
canopy architecture, percentage of
cover, and vertical distribution of green
leaves within the canopy. Multispectral
data acquired under differing sun
altitude and azimuth angles contain
important information regarding the
three-dimensional distribution of plant
material which can be extracted to
determine phenological stage of growth
or to estimate levels of stress. Addi-
tional analysis showed that substantial
errors could be introduced into the
estimate of GLAI from spectral observa-
tions if the diurnal patterns of reflec~
tance caused by changing sun angles are
not properly incorporated.

When plants are stressed because of
insufficient water, both physiological and
geometric changes occur, thereby in-
creasing the complexity of the interpre-
tation of spectral data. To study these
effects, spectral responses in eight
wavebands (three visible, two near-
infrared, two mid-infrared, and one
thermal-infrared) were measured by
repetitively traversing a radiometer over
several rows of cotton. After an initial
measurement the stems of one row were

cut at a point just above the soil. The
subsequent dessication of plants within
this row was followed by comparing re-
flectance and emittance of the row with
that of a control row. Measurements in
all wavebands reacted rapidly to stress,
with the visible and thermal-infrared
showing a larger change than the near-
infrared. Reflectance changes caused by
canopy geometry changes were appar-
ently greater than those caused by leaf
physiological and anatomical changes in
all but the visible red band. The increase
in red reflectance was attributed to a
rapid decrease in absorptance by leaf
chloroplasts. As expected, the radio-
metrically determined plant tempera-
tures increased with time after the
stress was imposed. These results dem-
onstrate that canopy geometry changes
caused by stress must be accounted for if
plant water stress is to be quantified
using reflectance measurements.

4.1.4 Aircraft and Satellite

Investigations
Aircraft
Three black-and-white video

cameras, each fitted with different
narrowband filters, were used together in
an aircraft to obtain information about
agricultural crop and soil conditions.
Inflight information was recorded on
video equipment, and upon landing, the
video tapes were ready for television
(TV) displays and computer image
analysis. Variations in reflective
characteristics of landscape features
were clearly evident between wavebands.
False color composites, made using the
computer image analysis system, were
similar in appearance to color infrared
photographs. These results suggest that
a modified color video camera system
and appropriate narrowband filters can
enhance the information needs of agri-
cultural managers in near real time. The
TV formatted outputs of video systems
make them a natural for transmission of
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images over electronic agricultural
information networks of the future.

Combined Sensors

Linear combinations of spectral bands
form physically significant Vl's. Indices
comprised of two and four bands have
been used to discriminate vegetation
from soil background. A procedure for
calculating vegetation indices using any
number of bands was evaluated. Reflec-
tance values were obtained for each band
for each sensor. Vl's were calculated for
various band combinations for the
several sensors, and their dynamic ranges
for a 0~ to 100-percent change in vegeta-
tion were compared. A six-band VI cal-
culated using six of the TM bands had the
greatest dynamic range, followed closely
by two five-band and one four-band index
from the same sensor. The two-band
index using bands 4 (near-infrared) and 7
(mid-infrared) of the TM had a greater
dynamic range than any band combina-
tion of the other four satellite sensors.
The four-band index of the Landsat-4
MSS and the three-band index of the
French satellite SPOT were similar. The
two-band indices from the AVHRR sen-
sors on NOAA-6 and NOAA-7 changed
less with vegetation changes than did the
other three. This development means an
improved ability to discriminate and
evaluate vegetation from remote
platforms.

NOAA Satellites

During the past year extensive work
has been initiated on the use of the
NOAA satellites for agricultural
monitoring. Two locations have been
principal contributors to this research.

Camp Springs, Maryland
Part of the AgRISTARS effort under

way at the NOAA National Environmen-
tal Satellite, Data, and Information
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Service (NESDIS) is to develop products
from operational meteorological satellite
data that will supplement ground-based
weather observations for agricultural
monitoring. Meteorological quantities
that are needed for crop models and that
can be produced from satellite data
include estimates of precipitation, daily
temperature extremes, canopy tempera-
tures, insolation, snowcover, and Vl's.

The NOAA polar-orbiting satellites
have AVHRR's onboard that make obser-
vations in the visible band (channel 1,
0.58 to 0.90 millimeters) and in the near-
infrared band (channel 2, 0.73 to 1.10
millimeters). The spectral responses for
these bands are similar to responses for
bands 5 and 7 on the Landsat MSS.

The reflectance of green vegetation
in the visible part of the spectrum is low
(20 percent or less) but is much higher
(50 to 60 percent) in the near-infrared.
Other surfaces, such as water, bare
ground, and clouds have reflectances
that are nearly the same in the two
bands. Thus, the difference between
measurements in channels 1 and 2 is a
sensitive indicator of vegetation. The
differential reflectance of vegetation in
the visible or near-infrared was used
with MSS data to estimate crop acreage,
to study the distribution and condition of
vegetation, and to detect plant stress.
The advantage of the NOAA satellites
for monitoring vegetation is that they
provide daily observations while Landsat
has a repeat time of 16 days. Cloud
obscuration of the areas of interest is
much less of a problem with daily obser-
vations. The trade-off for daily cover-
age is resolution. Only a small part of
the Earth can be observed daily at the
full 1-kilometer AVHRR resolution; daily
global coverage is obtained at 4-kilo-
meter resolution.

Examples of an experimental VI pro-
duct are shown in figures 9 and 10.
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Figure 9.- Northern Hemisphere composite AVHRR image of the normalized
difference vegetation index [(chanmnel 2 - channel 1)/channel 2 + channel 1)]
for August 23-29, 1982.
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Figure 10.- Northernm Hemisphere composite AVHRR image of the normalized
difference vegetation index [(channel 2 - channel 1)/channel 2 + channel 1)]

for March 21-27, 1983.
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These are Northern Hemisphere, polar-

stereographic mapped images of the-

normalized difference [(channel 2 -
channel 1)/(channel 2 + channel 1)]
vegetation index. The greener the scene,
the darker the image and the higher the
VI value, which ranges between 0.1 and
0.6 for most vegetation. The images
were generated from  4-kilometer
AVHRR observations made during the
week of August 23-29, 1982, and March
21-27, 1983. The data were mapped each
day into a 1024- x 1024-pixel polar
stereographic array and composited over
a 7-day period by saving the greenest
observation for each array point.
Atmospheric effects, such as Rayleigh
and Mie scattering and subpixel clouds,
reduce the radiance in channel 2 relative
to channel 1 and reduce the value of the
data. Saving the greenest observation
over the 7-day period minimizes cloud
and atmospheric effects and throws out
high nadir-angle observations in favor of
straight-down looks. The disadvantage
of saving the greenest observation is that
it can bias the sampling toward the
greener vegetation (forest, irrigated
land, etc.). The usefulness of this
product for monitoring global agriculture
is being evaluated by units of NOAA and
USDA.

Insolation, the primary energy source
for growing crops, is used in numerical
models for estimating crop yield, poten-
tial evaporation, and soil moisture. The
amount of solar radiation reaching the
surface is determined by the transmit-
tance. Under overcast conditions, up to
60 to 70 percent of incident solar radia-
tion may be reflected to space and
another 10 to 15 percent absorbed within
the cloud. The satellite directly
observes the reflected component of the
incident radiation, so satellite measure-
ments in the visible part of the spectrum
are directly related to insolation at the
surface. The NOAA Geostationary
Operational Environmental Satellite
(GOES) is the preferred data source for

satellite estimates of insolation because
its repeated observations throughout a
day allow tracking of changing cloud
conditions. Where geostationary data
are not available, techniques using polar
orbiter data have been developed.

An insolation method has been
developed that uses hourly GOES visible
data to estimate hourly insolation. The
technique involves regression against
observed target brightness as measured
by GOES, and the known brightness of
the target under clear conditions. The
difference between these two quantities
is a measure of cloudiness. Hourly
estimates are summed to give a daily
total insolation, which is the measure
used in agricultural models. Figure 11
shows a comparison of satellite esti-
mates of daily insolation against pyrano-
meters. These data are for satellite
estimates colocated with selected sites
in the NOAA pyranometer network.
Insolation estimates are currently being
made and archived for all of the United
States and for agriculturally important
areas in Mexico and South America.
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Figure 11.- Observed daily total
insolation versus satellite esti-
mates using hourly GOES data.
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Canopy temperature, shelter temper-
ature, dewpoint temperature, and daily
maximum and minimum temperatures
are all needed for use in crop and soil
moisture models. Surface temperature
has a high spatial variability which
contributes to crop forecasting errors
where observations are sparse and not
representative of the whole region.
Quantities derived from satellite data
are area averages. For large agricultural
areas a single satellite estimate may be
more representative than two conven-
tional observations within the area.

The approach chosen to obtain tem-
peratures for agricultural monitoring is
through the operational atmospheric
soundings. The enhanced sounding
processing provides temperature and
moisture soundings for 3- by 3-pixel
arrays of the high resolution infrared
radiation sounder 2 (HIRS/2) instantan-
eous fields of view (IFOV's) giving a
ground resolution of about 75 kilometers
at nadir. Canopy temperature is simply
the moisture corrected brightness
temperature observed in an atmospheric
window channel of the HIRS/2. If the
radiating surface of the Earth is covered
with vegetation, then the surface is a
plant canopy. Of course, the IFOV for
the HIRS/2 is so large that the radiance
measured is from a mixture of surface
types (water, bare soil, crops, and native
vegetation).

Shelter and dewpoint temperatures
are obtained by regression using the
Television Infrared Observation Satellite
(TIROS) operational vertical sounder
(TOVS) data and sounding products as
predictors in the equations. Figure 12
shows satellite estimates of shelter
temperature compared with observed
values from NOAA-6 soundings. The
results shown are for clear and partly
cloudy conditions during spring and
summer. The error increases for cloudy
retrievals (microwave) and during the
winter.
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Figure 12.- Shelter temperature
plotted against satellite estimates
for clear and partly cloudy
retrievals for April through July
1981.

Estimates of maximum and minimum
temperatures are obtained by regression
against shelter temperature, local solar
zenith, and cloud cover. The overpass
times of the daytime polar orbiter
(NOAA-7) at 0230 and 1430 local time
are near optimum for estimating the
daily maximum and are good for esti-
mating the minimum.

Since the maximum and minimum
temperature estimates are liable to
considerable error, the experimental
temperature product being prepared for
USDA is a blend of satellite and surface
temperature observations, with greater
weight given to the conventional meas-
urements. The satellite values enter the
field where conventional data are sparse.

As part of the agricultural monitoring
program, interactive and fully automated
techniques are being developed for
analysis of precipitation over major crop
growing regions. A manual method was
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developed into an interactive method
which uses mapped NOAA AVHRR data,
climatic rainfall analyses, and convec-

tional cloud and rainfall observations
from the global telecommunications
system. The objective is to obtain a
more accurate distribution of daily

rainfall than was previously possible with
convectional raingauge data. A meteor-
ologist analyzes a cloud type field based
on interpretation of the rain clouds
observed in the visible and infrared
satellite imagery. The computer uses
the climatic rainfall analyses and global
regression equations to estimate the
rainfall between satellite passes. An
example of a field of precipitation

estimates superimposed on cloud imagery
is shown in figure 13.

Figure 13.- A field of precipitation
estimates superimposed on cloud
imagery for a mapped AVHRR scene.

A second method uses similar input
data on a more automatic approach
where the AVHRR infrared temperatures
are converted directly into precipitation
estimates. In this method, the analyst
edits the resulting precipitation field. In
the two procedures discussed above, the
most important responsibility of the
meteorologist is to interpret and analyze
for the development or dissipation of
rain clouds during the 6- or 12-hour
period between passes.

RAPH

The third technique developed uses
hourly GOES infrared images for auto-
matically tracking and measuring the
growth of convective cloud systems. The
estimates are automatically generated
for crop growing regions and are trans-
ferred for climatic adjustments and
editing on interactive equipment.

Houston, Texas

Considerable effort has been made to
develop a practical method of computer
screening cloud-contaminated pixels
from satellite data. A simple Fortran
subroutine has been developed that can

quickly and efficiently perform a
hierarchical classification of NOAA-7
AVHRR data into clouds, haze, water,

bare soil, and vegetation. The subroutine
uses data from all five AVHRR bands in
a hierarchical series to obtain the classi-
fication results. The approach allows the
subroutine to adjust automatically for
time of year and scene location. Bands 3
and 4 are used to detect the presence of
haze. Bands 1 and 2 are used to detect
clouds and to classify cloud-free data
into water, bare soil, and vegetation.
The approach developed for NOAA-7
AVHRR data should be amendable to
other satellite-sensor systems.

The increase of atmospheric haze
caused by volcanic eruptive products, as
measured by the NOAA-7 AVHRR data,
was demonstrated. Prevailing nadir
atmospheric transmission, measured on
the ground at Weslaco, Texas, before the
El Chicon volcano eruption was 0.686,
and afterward it was 0.611, This
represents a decrease of 10.9 percent
(fig. 14). The decrease of atmospheric
transmission measured on the ground
agreed with increases of NOAA-7
AVHRR digital count minimum (DCM)
values in the visible and infrared bands
obtained over the Gulf of Mexico. The
DCM's ranged from 17 to 37 before, as
compared to a range of 45 to 116 after,
the eruption. These results demonstrate
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Figure 14.- Prevailing nadir atmospheric transmission, ground-measured, and
NOAA AVHRR minimum digital counte before and after the EL Chichon Volecano

eruptions.

the importance of monitoring NOAA-7
AVHRR DCM's for transient atmospheric
haze effects that could potentially
interfere with early warning crop stress
detection activities.

Another study researched the effects
of solar illumination, view angle, and
non-Lambertian surfaces on NOAA
AVHRR sensor data. Figure 15 summar-

izes the results of applying geometric
and solar corrections to the data.
Results indicate that useful greenness

information can be derived using data up
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to about 512 pixels either side of nadir.
The effect of non-Lambertian surfaces
becomes apparent when considering the
angle differences between insolation and
the satellite viewing vectors. it is
suggested that the increased shadowing
with increasing pixel numbers plays a
significant role in the interpretation of
data from non-Lambertian surfaces. The
findings also show that solar zenith
corrections (dividing AVHRR data by the
cosine of the sun zenith angle) are not
necessary when computing vegetation
index numbers (VIN's).
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(a) Radiance values as influenced
by scan angle (pixel number) for
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4.2 INVENTORY TECHNOLOGY
DEVELOPMENT/SUPPORTING
RESEARCH

The general objectives of the ITD/SR
projects during FY 1983 were to
research, develop, and test space remote
sensing technology in order to better
understand the characteristics of
vegetation-related features of the
Earth's surface, and to develop methods
for observing and analyzing these data
and for extracting information about the
Earth's surface, nature, and dynamics.
The FY 1983 research was expanded
from previous years' work on crop
specific techniques to include research
on all types of vegetation and global
surveying applications. The ITD/SR
projects are managed by NASA with
participation by USDA and NOAA.

The ITD/SR research expands and
improves upon the remote sensing
technology developed in previous years,
and beginning in FY 1983, it focused on
corn/soybeans identification, vegetation
mapping, TM, AVHRR, microwave and
soils research, and estimation of
biophysical characteristics.

4.2,1 Technical Objectives

The FY 1983 technical objectives
were focused on the following:

e The testing of a crop temporal profile
technique for corn/soybeans identifi-
cation in Argentina.

® An evaluation of the use of TM data
for corn/soybean identification.

® An evaluation of the use of TM data
for land cover separability.

® An assessment of the capabilities of

the AVHRR for vegetation
monitoring.
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e A determination of the spectral
separability of forest species by
different sensors.

e Continued research in the determina-
tion of quantitative relationships
between soil properties and spectral
response,

e Research and development on the
estimation of biological productiv-
ity - especially forests, grasslands,
and cultural vegetation = from
remote sensing.

4.2.2 Corn/Soybean ldentification
Argentina

A crop temporal profile technique
was developed during 1982 to permit
multidate Landsat spectral data to be
interpreted in terms of key vegetation
growth parameters. The resultant
parameters, such as date of emergence,
peak greenness, length of the growing
season, and maturity stage, can be
uniquely related to specific crop types.

A typical crop temporal profile uses
three features - the maximum value of
greenness, the time distance between
inflection points of the fitted profile,
and the time of peak greenness - to auto-
matically label and separate corn and
soybeans using Landsat spectral data. As
reported in the 1982 AgRISTARS
Research Report, the relationship
between these features and crop type
was shown to be stable for corn and soy-
beans over large areas of the United
States for 3 consecutive years. The
higher accuracy for crop identification
and proportion estimation obtained using
this technique needed only to be tested
in a foreign corn/soybeans region.

During FY 1983, this technique was
applied to six segments in Argentina
using Landsat-2 and Landsat-3 M SS data.
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The same three profile features used in
the U.S. study provided corn and soybean
discrimination in Argentina. Results on
Argentina segments using the automated
profile technique gave a crop proportion
estimate within 2 percent of those

results using ground-truth labels (fig. 16).

(a) Results obtained by using
ground-truth labels for corn, soy-
beans, and other crops to train the
temporal profile classifier.

(b) Results obtained by automati-

cally training the profile classi-

fier using decision rules developed
over only four segments within the

United States.

Figure 16.- Classification results,
segment 0682, Salto, Argentina.

lowa

A multitemporal set of TM and TM
simulator (TMS) data for Webster
County, lowa, was converted to TM
greenness, and the multispectral profiles
extracted were the same as those used
with MSS data in the Argentina test.
The profile features were found to be the
same using MSS and TM data, and the
performance accuracy was, on the
average, 8 percent higher using TM data
compared with MSS data. The increased
accuracy was the result of a combination
of better resolution, improved wave-
length coverage, and a better S/N ratio.

Figure 17 shows the results of the TM
classification: red is corn, blue is
soybeans, and black is everything else.
Figure 18 shows the areas of disagree-
ment between ground survey data and
classification results for soybeans. Red,
pink, and green are the only areas of
disagreement. The classification
accuracy for corn is 96 percent and for
soybeans is 90 percent.

It has been demonstrated that the
same profile features apply in four years
from 1978 to 1982 for two different sen-
sor systems and two different countries.

Previous analyses of TMS data have
shown that bands 1 through 4 of the TM
are not optimum for the separability of
corn and soybeans in lowa in early
August, but the mid-infrared bands pro-
vide additional separability during this
periode. An analysis of the three TMS
scenes and three TM scenes acquired
over central lowa was undertaken to test
these earlier findings and to determine
both the additional amount of informa-
tion provided by the mid-infrared spec-
tral bands throughout the crop year and
the effect of the increased TM quantiza-
tion levels on corn/soybeans separability.
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Yo

Figure 17.- A color-coded classification map of a TM scene. Red = corn;
blue = soybeans; black = other.
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Figure 18.- A color-coded misclassification map of a TM scene. Yellow =
complete agreement between corn and soybeans; green = ground survey soybeans
missed by classifier, blue = ground survey corn; pink = ground survey corn

called soybeans; and red = classifier-called soybeans called other by ground
survey.

29




The separability measure used in this
study was the Fisher Information
function. It was calculated using all
seven spectral bands and the four visible
and near-infrared bands. A value of 1.0
for this function indicates that two
species are completely distinguishable
and a value of 0 indicates that no separa-
bility exists. Figure 19 shows that
September 3, 1983, was the best separa-
bility date using only the visible and
near-infrared bands. The mid-infrared
bands provided a separability on July 31,
1983, comparable to that on Septem-
ber 3, 1983. This result corroborates
previous results using 1981 helicopter
spectrometer data over this same sample

08

FISHER INFORMATION
{CORN/SOYBEANS)
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6/7 6/23 7/3LB/2 9/3 10/21
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N———————— ettt -
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Pigure 19.- Separability resulte for
corn and soybeans using the Fisher
information function on multi-
temporal TM and TMS data over
Webster County, Iowa, 1982.
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segment. Early in the crop year (June
23), bands 1 and 3 (blue and red) were the
best single bands. Later (August 2),
bands 5 and 7 (mid-infrared) were best.
In early September, both the mid-
infrared and near-infrared (bands 4 and
5) were best. During harvest (October
21), the thermal (band 6) was the best
single band.

4.2.3 Land Cover Separability

Planned research using TM data was
impacted by the loss of the sensor acqui-
sition capabilities. However, extensive
single-date analysis in class separability
was achieved from data acquired on
August 22, 1982, over northeast
Arkansas. An assessment of the relative
contributions of the reflective bands (the
TM thermal band was not included) to
separabilities was completed. The basic
data set consisted of four study sites
which represented a wide variety of
crops, land cover types, and range of
conditions.

From these sites, approximately 1600
pixels that were ground verified were
submitted to feature separability and
subsequent classification algorithms. All
possible band combinations were
analyzed. Figure 20 represents the over-
all results achieved: (1) all bands; (2) the
best three-band combination; and (3) the
MSS ‘equivalent" bands for the 21 dif-
ferent categories. Figure 21 depicts the
results from all three-band combinations.
The primary result from these analyses
revealed that performance was most
sensitive to the inclusion or exclusion of
bands 4 or 5.

The results of these experiments
were achieved from a single data set, at
a single acquisition period, and at con-
ditions specific to that geographic region
and time period. However, these caveats
can also be viewed as components of a
*worst case" situation, whereas a sub-
stantial number of classes (21) with
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AGRICULTURAL CLASSES

NON-AGRICULTURAL CLASSES

Figure 20.- Single-date TM analysis of Arkansas scene, August 22, 1982.
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Figure 21.- Band combination analy-
sis using single-date data, Arkansas
scene, August 22, 1982.

single-date data achieved separability
performances comparable to previous
results with MSS over a smaller number
of classes that required multitemporal
data.

In another study in northeast Okla-
homa, supervised, maximum-likelihood
classifications of Seasat, Shuttle Imaging
Radar A (SIR-A), and Landsat pixel data
demonstrated that SIR-A data provided
the most accurate discrimination (72
percent) between five land cover cate-
gories - cropland, pasture, forest, water,
and urban. Furthermore, spatial averag-
ing of the synthetic aperture radar (SAR)
data significantly improved classification
accuracy because of a reduction in the
effects of both fading and natural,
within-field variability. As expected,
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Weighted Overall Percent Accuracy

multisensor classifications of field-
averaged data show that the addition of
L-band radar to Landsat data signifi-
cantly improves classification accuracy
(figs. 22 and 23).

4.2.4 AVHRR Vegetation Monitoring

The investigation to assess the
capabilities of the AVHRR for vegeta-
tion monitoring has focused on the
development of technology as well as on
an evaluation of the sensor's information
content to provide a synoptic view that
will permit the classification of the land
surface into regional-level major eco-
system classes. Procedures that esti-
mate or correct for the atmosphere have
been evaluated. Thus, a good under-
standing of the conditions and limitations

B Seasat-A (Descending)
B8 Seasat-A (Ascending)
B8 Landsat (5&7)

4 SIR-A

Summary of Per-Pixel Supervised Classifications

Figure 22.- Accuracy of per-pixel
supervised land cover classifica-
tions of northeast OKklahoma.
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Summary of Multi-Channel Supervised Classifications

Figure 23.- Accuracy of field-based
single and multichannel supervised
land cover classification of north-
east Oklahoma.

for use of the sensor has been attained
(fig. 24). Preliminary analyses have also
been performed to estimate the feasibil-
ity of using AVHRR data to distinguish
land surface characteristics for use in a
multistage sampling approach to land
cover inventory and mapping. Results
generally indicate that good separability
exists between Level 1 Anderson land use
classes.

The AVHRR ground track progresses
from west to east, so that with daily
acquisitions, multiple viewing angle data
may be obtained. Because of the non-
Lambertian nature of the surface, differ-
ent amounts of shadow are viewed at dif-
ferent angles, providing either a source

of noise, if it is desirable that the scene
appearance be independent of view, or a
source of information, if the desire is to
determine characteristics of canopy
structure from these data. Figure 25
shows the pattern of change in the Gray-
McCrary Index (GM1D), AVHRR
channel 2 - channel 1, for five scenes as
the NOAA-6 AVHRR moved across the
scene over 6 consecutive days, July 9-15,
1980. In this figure the sun is to the
right, and pixels numbered near zero are
to the far west end of the scan. Differ-
ences in the patterns of pine, hardwood,
and crops indicate there is information
concerning the nature of the canopy in
multiple viewing angle data. In this
figure the dashed curve represents the
effect of viewing angle on a Lambertian
model, with a light haze atmosphere
indicating how poorly the Lambertian
assumption simulates the radiative
properties of these vegetative surfaces.

4.2.5 Forest Species Separability

Remote sensing data can be used to
stratify a scene into its various
structurally distinct categories prior to
estimating LAl or other biophysical
characteristics. In anticipation that the
relationships between LAI and
reflectance might be species dependent,
a number of studies were conducted to
determine which species might be
spectrally distinct.

Landsat MSS data and aircraft TMS
data acquired over test sites within the
Superior National Forest of Minnesota
were analyzed using a clustering algo-
rithm, CLASSY. CLASSY was specifi-
cally designed to determine the
spectrally distinct components of
spectral reflectance data.

Five distinct classes appeared in the
MSS data and fifteen distinct classes
appeared in the TMS data. Higher spa-
tial resolution and a larger number of
spectral bands account for the increase
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(a) AVHRR.

(b) MSS.

in the number of distinct classes appear-
ing in the TMS data. In the MSS data
black spruce was confused with jack
pine, but it was separable from aspen. In
the TMS data, all classes observed in the
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Figure 24.- A three-sensor view of
Lake Chicot, Arkansas, September 23,
1982.

MSS data were distinguishable. In addi-
tion, classes not distinguishable in the
MSS data, such as brush areas, bogs,
aspen-pine mixes, and burn areas, were
distinguished in the TMS data.



VIN

13
x
1 4
x
x x x
9 ] AN .
et
w0 T x =~
-
5, -
- s
7’
e 4s" o o +o o . o .
5L % + e
d . ° +
VAl
. . . .
3 g .
.
. H
T T T *
] 512 1024 1538 2048

PIXEL

TEX-E CHICOT STONE BOSTON-E  PNE-S
aoo see s00 X X X +tes
PINE/AG AGWATER PINE/AG  HARDWOOD PINE

Figure 25.- AVHRR view-angle effect
on vegetative index (channel 2 -
channel 1).

The Fisher Information function was
used to quantify the spectral separability
of the various boreal forest species. This
function is a measure of the overlap in
‘spectral space between the spectral
reflectance distribution functions found
by CLASSY for the various species in the
scene. In general, the conifers (black
spruce and jack pine) are very distinct
from the deciduous trees (birch and
aspen). However, species within the
conifer and deciduous categories are not
very separable. Hence, other dates,
bands, and multitemporal data will be
explored to ascertain the separability
that may be achieved.

Another study was conducted using
TMS for assessing northern forest cover
types. The objectives were to determine
those TM wavebands most useful for dif-
ferentiating northern forest cover types,
and to obtain a baseline assessment of
classification accuracy due to waveband
combination (fig. 26). TMS data and
coincident aerial photography were
collected over a 23,200-hectare forested
area near Baxter State Park in north

central Maine. The results of the dis-
‘criminant analyses suggest that useful
waveband combinations include at least
one band from the visible (0.4 to
0.7 millimeter), and one band from the
mid-infrared (1.3 to 3.0 millimeter)
spectral regions. The blue band proved
most useful for discriminating coniferous
defoliation categories, especially in
differentiating healthy conifer stands
from those damaged by the spruce bud-
worm. An analysis of the classification
accuracies indicated that most of the
useful spectral information was con-
tained in the first three bands. The two
mid-infrared bands provided significant
spectral information for differentiating
all cover type groups considered. The
second mid-infrared band proved most
useful for coniferous defoliation
assessment, while the first proved most
useful for differentiating all cover types.

Three of the four most useful wave-
bands for discriminating northern forest
cover types (bands 1, 5, and 6) are not
available on the Landsat-1 through
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SEGMENT = JEAN157

0.0100

0.0075

0.0050

DENSITY

0.0025

0.0000
30 50 70 90 110 130 150 170 190 210 230 250
CHANNEL 4

Figure 26.- Spectral separability
results for tree species within the
boreal forest of Minnesota, using
the Fisher information function on
channel 4. BS = black spruce,

JP = jack pine, RP = red pine,

BIR = birch, ASP = aspen.
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Landsat-4 MSS's, Hence, significant
improvements may be expected in the
ability to spectrally differentiate the
more detailed land cover categories
using TM data.

Another study was designed to deter-
mine the information content of the TMS
data acquired over the Clearwater
National Forest, Idaho. Supervised and
unsupervised classifications were
performed on the TMS data to evaluate
the use of conventional, ‘on-the-shelf"
techniques for extracting land cover
resource information.

Results from the TMS analysis
revealed that the use of conventional
digital image processing, incorporating
maximum likelihood classification, pro-
vides a readily available technology for
TM data analysis. In addition, it was
found that the increased number of spec-
tral channels on TM were of significant
value in improving classification accu-
racy. Additional findings from this
analysis were: (1) TMS  7-channel,
30-meter, 8-bit radiometry yielded a
higher classification performance than
did 3-channel, 60-meter, 6-bit M SS-like
data; (2) optimal channels for forest
structure discrimination are from a wide
range of the electromagnetic spectrum
(visible, near-infrared, mid-infrared and
thermal); (3) manually interpreted color
composites of channels 7 (thermal), 4
(green) and 2 (blue) provided the best
results for forest structure discrimina-
tion; and (4) the increased level of scene
noise due to the increased spatial resolu-
tion of TM data may degrade per-pixel
classification performance; therefore,
techniques such as contextual classifiers,
spatial data aggregation, and logic
models should be evaluated as methods
to more fully utilize TM data.

The East Texas Radar Experiment has
a long-term objective, the goal of deter-
mining how well various classes of vege-
tation can be separated in a southern
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temperature forest. Classes of forest
characterized by species, age, and stand
density were selected as a test bed for
this research. The short-term objective
is to use scatterometers (nonimaging
radars) for selection and design of
imaging radars. Aircraft flights in
September 1981 provided data from
multiparameter scatterometers; multi-
mode, X-band SAR; TMS; and color
infrared photographs. Landsat MSS data
were obtained earlier. The multiparam=-
eter scatterometer data have been
analyzed using a simple single-feature,
two-class separability measure. L-band
(20-centimeter) cross-polarized data,
horizontally acquired/vertically trans-
mitted (HV), are useful for separating
trees from other features and for dis-
criminating between individual tree
classes and non-tree classes, such as
clearcut and grassland. Separability
between various tree classes is best
demonstrated by C-band (6-centimeter),
cross polarization (HV). Figure 27 shows
radar backscatter in decibels plotted
against the number of readings for pine
and hardwood classes. The classification
error rate for these two classes is above
14 percent.

The multiparameter scatterometer
data have also been analyzed using linear

+PINE
200 AHARDWOOD

FREQUENCY COUNT

13 42 7 a4 -w -9 -8 -1 -6 -5
K-BAND, VV POLARIZATION, 40° DEPRESSION ANGLE

Figure 27.- Radar backscatter histo-
gram: pine versus hardwood.




discriminant analysis, which is a multi-
class, multifeature classifier. Higher
frequency (C-band and Ku-band) gives
the best overall classification accuracy,
on the order of 50 percent; the addition
of another frequency or polarization
increases the classification accuracy to
about 64 percent, while use of multiple
angles further improves the accuracy to
about 72 percent. The vertical transmit
polarization seems to be very important
in achieving good overall classification
accuracy.

The X-band SAR data require digital
preprocessing to obtain better quality
images. In addition, the airborne TMS
measurements must be preprocessed to
conduct a synergistic study of optical
and microwave  data for forest
classification.

4.2.6 Soils Research

The soils research effort is directed
toward developing quantitative relation-
ships between soil properties and spec-
tral response to estimate specific soil
physical, chemical, and interpreted
properties related to biological produc-
tivity, biogeochemical cycles, and
hydrological cycles.

Within the past vyear significant
progress was made in the soils area.
Laboratory soil reflectance measure-
ments were used to simulate Landsat
MSS digital counts for clear and turbid
atmospheres and were found to be within
the range of values for soils seen in
Landsat data (fig. 28). Reflectance
curve forms representing genetically
homogeneous soil properties were found
to be separable in greenness and bright-
ness vector space. Organic matter con-
tent could be stratified into 0- to 2-per-
cent and greater than 2 percent, with
80 percent accuracy. This technique of
converting reflectance data from con-
trolled experiments to simulated Landsat
digital counts will enable researchers to
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Figure 28.- Location of reflectance
spectra curve types of high and low
organic matter in greenness and
brightness vector space.

account for the effect of soil on
vegetation-spectral relationships, to
conduct sensitivity analyses of the effect
of soils on spectral models, and to
develop a better understanding of the
relationships of spectral and physical-
chemical properties of soils.

Landsat TM data acquired over two
different regions (Mississippi River
alluvium and glacial till in Webster,
lowa) were evaluated to assess field soil
effects on vegetated landscapes and to
determine whether TM spectral bands
provide information for soil association
maps. Results from these studies indi-
cate that the TM provides information
which is related to the soil properties.
Within the alluvium, the most useful
bands for identifying soil association
boundaries located by USDA's general
soil maps (see fig. 29) were the 0.76 to
0.90 millimeter, the 1,55 to 1.75 milli-
meter, and the 10.4 to 12.5 millimeter.
Within the glacial till region, aircraft
TMS and Landsat-4 TM data acquired
over soils ranging from bare to fully
vegetated cover indicated that key soil
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properties (i.e., soil moisture regime)
could be separated throughout the
growing season. The September 3, 1983
TM data, even with a vegetated cover of
greater than 90 percent, separated the
soil moisture regimes with 72.5 percent
accuracy for soils covered by corn and

68 percent accuracy for soils covered by
soybeans. These results indicated that
the improved spectral and spatial resolu-
tion of TM offers the potential to sepa-
rate important soil properties, even in
regions with similar soils and under a
dense vegetation canopy.

MISSISSIPPI COUNTY, ARKANSAS
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SOIL ASSOCIATIONS

Amagon Dundee Crevasse assocutian Poorly
drarned and somewhat pootty dramed sods that
are loamy throughout and excesavely dramed
sotls that are sandy thenughout

Sharkey Steeie assocbon  Poorty tramed soiby
that have 3 thick clayey subsod and moderately
well drained sords that are sandy in the uppen
part and clayey 0 the lower part

Sharkey Crowley assocation. Poarly draimed
sails that are claysy i soms part of the subsod

m Tunica Bowdre Sharkey association  Moderately
welf draed and poorly dramed sodds that are
clayey in some part of the subsod

Convent Morganfield Crevasse associdtion. Soms
what poorly dramad soifs that are loamy through
out and excessively dramned soifs that are sandy
throughout

@ Atiigator-Earie assocition  Poarly dramed and somg
what poorly draned sails that have a dommantly
clayey subsot!

Figure 29.- ™ band 5 overlaid on Mississippi County, Arkansas, general soils
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4.2.7 Biophysical Characteristics
Estimation

The distribution, dynamics, and com-
position of vegetative land cover are
prime factors in the global energy
balance. Vegetative evapotranspiration
affects global circulation and patterns of
precipitation and temperature. Biologi-
cal productivity of land-related vegeta-
tion plays a key role in determining the
amount of carbon dioxide in the atmos-
phere. Vegetation structure determines
the ratio of runoff to storage and evapo-
ration in the hydrologic cycle. Existing
process models require a knowledge of
the global distribution and dynamics of
the attributes of land-related vegetation.
Currently, this information is not very
accurate or complete. Improvements in
the estimation of vegetation characteris-
tics, temporal changes, and distribution
patterns are needed to provide an under-
standing of global processes. Remote
sensing can provide critical inputs to
process models which predict biological
productivity and biomass based upon
known physical and biological principles
and remotely sensed parameters such as
LAl, canopy temperature, and soil
moisture.

The current research in biophysical
characteristics has concentrated on the
remote estimation of the biological pro-
ductivity of forests, grasslands, and
cultural vegetation, especially the rela-
tionships between plant structure and
biophysical properties (LAl and biomass)
and between radiometric and biophysical
properties of vegetated canopies.

Three study sites were selected to
represent each of the major biomes. The
Superior National Forest near Ely,
Minnesota, was chosen because it
contained important species found in
boreal forests - black spruce, aspen, and
birch., The Konza Prairie near Man-
hattan, Kansas, is a tall grassland
research area which supports long-term

ecological studies by the National
Science Foundation. The Purdue Uni-
versity Agronomy Farm in Indiana was
selected because of its capability for
measuring biophysical properties and
environmental factors affecting biolog~
ical productivity under controlled
conditions.

Although ground estimates of LAl are
not currently available for the boreal
forest site, theoretical studies indicate
that canopy reflectance is strongly
related to LAl leaf optical properties,
canopy structure, and background or
understory. These studies suggest that
LAl can be estimated from remotely
sensed data and that:

1. The ratios of TM bands 4:3 and 4:5
are superior to greenness for the
estimation of LAl because both are
less sensitive to leaf angle distri-
bution, understory reflectance, and
sun zenith angle,

2. Multiple view angles should greatly
improve the accuracy of estimation
of LAL

3. If only nadir view reflectance data
are available, the LAl-reflectance
relationships will be canopy
structure dependent, so that the
scene would need to be stratified
into groups with similar structure
prior to estimation of LAL  This
might require classification of the
scene into structurally similar
classes (e.g., species) prior to
biophysical characteristics esti-
mation.

Use of the ratio of TMS counts in
band 4 to counts in band 3 (4:3 ratio) to
map vegetation density in a gross way
was qualitatively evaluated over a
portion of the Superior National Forest
test area. A simple level slicing was
applied to the 4:3 ratio values over this
area. The result is shown in figure 30.
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Figure 30.- Band 4:3 ratio image of a TMS scene showing variation in vegeta-
tion density over a portion of the Superior National Forest. Lake Jeanette is
in the center of the image.

Black corresponds to water. The lowest appeared to be very dense black spruce
values of the 4:3 ratio are coded red, the stands had lower 4:3 ratios (dark blue)
next highest dark blue, then light blue, than did less dense aspen stands (light
and finally yellow. Qualitative evalua- blue). It is likely that a scene will
tion of this density map from aerial require stratification into structurally
photography and helicopter surveillance similar strata prior to application of the
indicates that red pixels generally 4:3 ratio for vegetation density
correspond to bare ground or roads, as estimation.

can be seen from Echo Trail outlined in

red, winding across the center of the In the Konza Prairie experiment, LAl
image and touching the tip of Lake measurements are already available, and
Jeanette in the image center. Yellow as figure 31 shows, the bands 4:3 ratio
generally corresponds to very dense tracks LAl throughout the season.
stands (e.g., dense aspen). However, the Burned and unburned treatments were
intermediate level 4:3 ratio correspon- monitored in this experiment, and the
dence to vegetation density was species two treatments can clearly be distin-
dependent. In some cases, what guished by the 4:3 reflectance ratio.
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4,3 YIELD MODEL DEVELOPMENT

YMD research utilizes the measure-
ment of environmental and plant
characteristics to project crop vyield
potential within a region. This effort is
a key component of any commodity
production forecasting methodology and,
as such, contributes to both the domestic
and foreign crop estimation processes.
Research is jointly supported by
NOAA/NESDIS, USDA/ARS, USDA/SRS,
and staff support from NASA,

YIELD MODEL DEVELOPMENT

This is research to determine how various crops will respond to
weather conditions, agricultural practices, and other factors.
Many years of data are taken into account.

T

4 A A g J
: !

Years of data Computer

model

4.3.1 Technical Objectives
The FY 1983 objectives were:

e To test and evaluate candidate crop
yield models.

e To develop new and improved crop
yield models.

e To acquire, process, and store
meteorological and satellite data
appropriate for model development
and testing.

e To conduct research on and to

evaluate the use of satellite spectral
inputs to yield models.
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4.3.2 Yield Model Test and Evaluation

The initial phase of applying a set of
test criteria to evaluate existing models
is nearing completion. The models
tested were of the type relating meteor-
ological data to published yield series.
These models, represented by the Center
for Environmental Assessment Services
(CEAS) and Thompson-type models,
cover the crops of soybeans, corn, wheat,
and barley. The evaluation consisted of
internal model evaluation and compara-
tive evaluation of the performance
between models. In general, these
models tend not to be sensitive to either
extremely high or low yields. However,
with the evaluation and documentation,
they may be appropriate for a user's
needs, provided the user is aware of the
model Iimitations. Thus far in the
AgRISTARS program, 47 reports have
been issued concerning model compari-
sons and evaluations.

CERES-wheat is a wheat production
simulation model developed for use in
farm management, large area yield esti-
mation, farm policy analysis, and identi-
fication of research needs. It was
designed to account for the major fac-
tors influencing wheat vyield, including
weather, genetics, soil water, and sowing
(time, depth, and rate), but excluding
pestse. The model runs with daily time
steps and requires inputs of daily
temperature, precipitation, and radia-
tion. Genetic inputs are duration of
growth stages, grain number, and grain
weight.  Soil inputs consist of water
content at critical limits and factors
influencing root growth. Stresses
considered include plant water deficit
and cold damage as they influence tiller-
ing, leaf and stem extension, assimilation
rate, senescence, grain growth rate, and
grain nitrogen.

To test the capability of the CERES-~
wheat model, 280 different data sets on
wheat growth and yield were collected




from 25 sites throughout the world
between 36°S and 50°N latitude. Pub-
lished and unpublished data from agricul-
tural experiments where weather, soils,
management, and genetic data were
available allowed testing the validity of
the model for estimating phasic develop-
ment, biomass production, LAl, soil
water, vyield, and vyield components.
Yield in the data set (given in kilograms
per hectare) ranged from 380 at
Bushland, Texas, to 9520 at Greoux,
France (fig. 32). The correlation
coefficient for estimated versus
observed yields for the data set was 0.89.
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Figure 32.- A comparison of measured
wheat yields with estimated yield
using the CERES-wheat model for a
diversity of environments.

The CERES winter wheat model was
modified to produce operational yield
estimates in the USSR throughout the
growing season. The gridded meteoro-
logical data were provided to the
NOAA/USDA Joint Modeling Center by
USDA. The resulting yield estimates
were returned for use in assessments.
Ancillary data were also generated by
the model, including stage of develop-
ment (fig. 33).

S =sowing G = germination
£ = emergence J =jointing

H = heading D =dough

R =ripe N = not planted

Figure 33.- CERES winter wheat model
estimates of USSR spring wheat
growth stages, July 31, 1983.

The model output was useful in
assessing the wheat crop during the 1983
growing season as reported by FAS:

*The operation run of this model
using weather data from 1981, 1982 and
1983 over the Soviet Union provided
some very positive results that correlate
well with information from the USSR and
with other systems commonly used to
produce yield estimates of winter wheat
in the USSR .. ..

« « « The results of the model can only
be described as good. This analysis is
based on a set of circumstantial evidence
and a very meager set of reported
information from radio broadcasts or
from newspaper articles. Most specific
is the information from weather reports
that place the crop calendar stages. This
information generally placed the crop
stage within a few days of those
reported in the model. This became very
satisfactory and in no area was the crop
stage found to be more than five days
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off. This was true for both the winter
wheat and spring wheat models. The
other piece of information deals with
vield. A Rayon level yield of almost 30
C/ha was reported for Novomokiro
Rayon in Denepropetropovlovsk Oblast.
The model yield for this area is 29.7
C/ha. This is the only ‘ground truth®
information on yield that could be used
for a grid cell comparison. Although
little ground truth information is avail-
able, yields calculated by the model were
nowhere more than 1.5 C/ha different
than those estimated by the analyst or
those measured by the Vegetative Index
Numbers.*

The CERES-maize model was tested
and also became quasi-operational. The
model was used in real time to evaluate
the U.S. corn crop and the impact of the
drought on corn yield. These indications
were based on the weather data from 34
stations: observed data to date; forecast
daily maximum and minimum tempera-
tures for days of the coming week; and
average temperature and precipitation
beyond that point in time. The results of
this effort and the comparison with the
USDA within-season estimate indicate
the model provided an early estimate of
the low corn production (fig. 34).

.The 1983 season was unusual. it
started with a wet spring which delayed
planting but which in some areas miti-
gated the effects of hot, dry July and
August periods. The model forecasted
1983 yield reductions from 1982 levels of
31 percent to 55 percent in lllinois,
Indiana, lowa, Ohio, and South Dakota
where very little corn acreage was irri-
gated. However, in Kansas and Nebraska
where most acreage was irrigated, yield
estimates indicated only slight reduc-
tions, if any, on irrigated acreage, but
severe reductions on nonirrigated
acreage.

The Texas A&M wheat model (TAM W)
was also operational and available to
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provide real-time assessments. These,
however, were not run on an operational
basis.

1983 YIELD ESTIMATE AS PERCENTAGE OF 1982

8 s

% CHANGE FROM 1982
)
©
1

= plant process model
= U.S.D.A official estimate

170 (856 288 215 238 245 26@ 275 282 3@5 320
DATE

Figure 34.- Comparison of CERES-

maize model yield estimates with
USDA offieial estimates.

Phenology Models

Phenology models which estimate the
stage of crop development are a vital
component of plant process models.
Because weather has a different effect
on vyield depending upon the develop-
mental stage of the plant, the ability of
a model to correctly identify the stage is
critical. Three winter wheat plant
process models were compared as to the
accuracy of their estimated stage date
predictions for large areas.

The models compared were CERES-
wheat, TAMW, and A. M. Feyerherm's
modification of the Baier-Robertson
model. Each model was used to predict




phenological stage dates for Kansas crop
reporting districts (CRD's). The pre-
dicted dates were compared to observed
dates  which  were collected by
USDA/SRS for wuse in the agency's
Weekly Weather and Crop Report for the
years 1952 through 1980. The predicted
stages included jointing, heading, dough,
and ripe. Final yield estimates were also
compared.

Results indicate that CERES-wheat is
slightly superior in its predictions. The
Baier-Robertson model is about 23 days
early in predicting jointing. TAMW s
consistently about 10 days early on all
observed stages. FEach of the models
would be useful in predicting phenolog-
ical stage dates and yields accurately,
but the CERES-wheat model is recom-
mended for predicting winter wheat
growth stages at the CRD level.

A phenology model for soybeans was
not available for application, so one was
developed. Much is known about the
sensitivity of soybean development to
meteorological conditions. The soybean
plant responds strongly to daylength and
temperature in its phasic development.
Daylength responses, especially, vary
greatly among varieties. Under very dry
conditions, water stress may also affect
development. Attempts to develop
physiologically-based large area yield
models for soybeans have been hampered
by the lack of a growth stage model
which incorporates these responses and is
also applicable to a wide range of
geographic and climatic settings.

A phenology model was developed and
tested for soybean maturity groups | to
V. The model is based on temperature,
daylength, and water availability. The
mode!l coefficients were tested on data
taken at the same time at Spickard and
Mt. Vernon, Missouri, and on data for the
1981 season from 22 international sites.
The test results indicate that the model
will generate reliable estimates of

soybean growth stages over a wide range
of climatic conditions.

The mode! is suitable for incorpora-
tion into a soybean growth simulation
model or for running as an independent
crop calendar model. It requires only
daily maximum and minimum tempera-
tures and rainfall.

Regression Models

Following the techniques used to
develop the Argentina wheat models in

FY 1982, additional yield models for
Argentina and Brazil were developed
during FY 1983. Two models were

derived for Argentina's yields of corn and
soybeans. These models are at the
country level and are based on monthly
average temperature and monthly total
precipitation at stations in the crop
area. The corn and soybean areas, both
very similar, are located in a small part
of central Argentina's humid Pampas.

Covariance models were derived for
Brazil's wheat and corn yields. These
models may be used to provide estimates
for the states in Brazil. For wheat, five
states were included in the model, and
for soybeans, seven states were included
(fig. 35).

For the past two growing season,
models have been developed, improved,
and operated for production in the three
principal USSR grain producing areas
(the Ukraine, Kazakh, and Belorussia).
Grain models have been developed and
preliminary results are being evaluated.
These models are of the correlation or
regression type, using several years of
meteorological data and a published
series of production estimates. The
models indicate a sensitivity to weather
variables as indicated by the changes
that occur between using preliminary and
final World Meteorological Organization
(WM O) data. Model output generated on
a current basis has been provided to
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Wheat
| Soybeans

Southern Brazil
Agricultural Area

Argentina Com and
Soybean-Growing Area

Figure 35.- Regression yield models
developed for corn and soybeans in
Argentina and for wheat and corm in
Brazil.

those in USDA responsible for foreign
estimates.

Other Model Evaluation

Sponsored research continued with
development of a wheat model that is
based on relationships observed from
experimental plots, but designed to
operate on aggregated data. Evaluation
of this model was conducted for spring
wheat in Minnesota and North Dakota,
and for winter wheat in Indiana, Kansas,
Montana, and Ohio. Results indicate
that the model, as compared with CEAS
or Thompson-type models, may have a
higher degree of response to unusual
conditions, without the requirement for
site specific input data.

4.3.3 Yield Model Research and
Development

The USDA/SRS has cooperated with
scientists at the University of Florida to
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build a plant process model for soybeans,
which can be used to predict yields at
various stages of plant growth. In fact,
the model has much broader application.
It is part of a University project to.
develop models to aid in the farm
management decision-making process.
The structure of the model consists of
leaf, stem (including petioles), shell,
seed, and root tissue components.

in the model, the plant components
are described as biomass per square
meter of ground area. The structure of
the model has been developed to describe
the rates of change of component bio-
mass resulting from changes in photosyn=
thesis, respiration, tissue synthesis, and
senescence processes. The model is
interactive and contains menus display=-
ing selected weather, management stra-
tegy, insect propagation, and production
practice options.

Operation of the model, from a user's
point of view, has three phases. In the
first phase, the user selects the scenario
and strategy. The second phase consists
of a simulation of the entire soybean
season for the conditions selected. In
the third phase, the user selects the
variables for graphing and obtains
within-season plots of variables such as
LAl index, insect population density,
seed weight, and percentage of defolia-
tion. Also produced during this phase are
season-end results of yield, net profit,
pesticide applications, and irrigation
applied. The season-end values are pro-
vided for comparisons of strategies from
run to run, whereas within-season values
are displayed for evaluation of model be-
havior relative to expected or previously
observed behavior. The user may then
make another run, changing as few or as
many menu selections as desired, or he
may end the simulation session.

When the model is used for prediction
purposes, plant part data collected in
sample fields can be fed back into the



model at the appropriate date(s) so that
various predetermined parameter values
can be modified to provide a description
of simulated plant growth which is
*closer" to observed plant growth.

Other historical weather data for the
general field site or simulated weather
with location parameters is used as the
weather for the remainder of the grow-
ing season to provide stochastic results
for yield.

4.3.4 Satellite Spectral Inputs for Crop
Yield Models
NOAA-7 Thermal Infrared
Evapotranspiration Study
Data were acquired this year to
investigate NOAA-7 thermal-infrared
sensing related to plant evapotranspir-
ation (ET)., Exploratory research was
conducted in this area because of the
difficulty in obtaining ET information

through other means; ET is important in
modeling plant processes for vyield
determination. Input to ground measure-
ment models generally involves a water
balance model approach with an initial
soil moisture determination and fairly
precise "continuous” precipitation
measurement over the growing season at
or near a point for which the model is to
be operated (plot level). '

The intended use of the data is to
determine if, over a growing season,
there is a relationship between daily
polar orbiter satellite observations and
crop ET as determined by ground
measurement input models. The logic
for investigation is that canopy air
temperature differs from air tempera-
ture above the canopy and that the
difference is related to ET.

If satellite thermal measurement at
resolution level (1 kilometer) has a

sufficiently strong relationship to the
evapotranspirative condition over a site,
satellite measurements can be used as
direct input, or as a supplement to
ground measurement input, to plant
process simulation models.

The recalibrated model is obtained by
minimizing a weighted error function,
which is constructed by the user with
specific plant part variables and
corresponding weights for each data
collection date.

Vegetative Information From
NOAA=-7 Data

A specialized data set providing
global coverage from channels 1 and 2
from the NOAA-7 polar orbiter was
made operational. Data begin in April
1982 and are available within a week
after acquisition. Several products are
available from these data for assessing
global crop conditions.

Time series of the GMI (GMI =
channel 2 - channel 1) for specified areas
compare conditions the current year with
conditions the previous year.

Maps of channel 1 and channel 2
displayed in the Ambroziak Color Coor-
dinate System (ACCS) indicate areas
where vegetation is stressed. The time
series of these images, as well as a year-
to-year interpretation, were prepared for
selected areas of the world.

Progress maps display the condition
of vegetative reflectance (GMI) in a
season. For example, the advancement
of vegetation to the north, which follows
the movement of precipitation in North
Africa, can be monitored throughout the
season (fig. 36). This vegetative reflec-
tance can also be used to compare condi-
tions this year to those last year, or
conditions this week to those last week.
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Figure 36.- A vegetation progress
map of Northerm Africa derived from
AVHRR vegetation indices.

The GMI! is differenced at each pixel;
this difference is then displayed on a
map (fig. 37).
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1982 VEGETATION ADVANCED
1982/83 SAME CONDITION
1983 VEGETATION ADVANCED

Figure 37.- Comparison of changed
vegetation conditions between 1982
and 1983 in the Central United
States, derived from AVHRR vegeta-
tion indices (day 122).

Yield indications based on the GMI
are available for areas around the world.
This work was started in FY 1982 and
was extended geographically to corn in
FY 1983. The yield indication was for
the 1983 U.S. corn crop (fig. 38). The
limiting factor is the requirement for the
yield estimates of the previous year.

Efforts in FY 1984 will attempt to
improve the quality of the global cover-
age data for channels 1 and 2.




DATA:

1983 YIELD = 1982 YIELD X CH2 - CH1FOR 1983
CH2 - CH 1 FOR 1982

Figure 38.- Predictions of 1983 U.S.
corn yields (in bushels per acre)
from AVHRR. The upper number repre-
sents the 1983 yield as estimated
from AVHRR data; the middle number
the 1983 yield as estimated by USDA,
October 1983; and the lower number
the 1982 USDA final yield.

Satellite derived information on
vegetative conditions will be evaluated
along with information from crop simula-
tions, i.e., plant process models, to
determine their joint contribution to
assessing crop conditions.

4.3.5 Data Acquisition, Processing,
and Storage

Area Specific Reference Handbooks

Agroclimatic information for
selected geographic areas was required
to support many of the AgRISTARS
tasks. Some of these activities include
building yield models; developing training
sets for satellite assessments; and
extending plant process models to new
areas. Therefore, handbooks were pre-
pared with divisions in the text for
geography, soils and vegetation, climate,
and agriculture. Each handbook contains
crop calendars for the major crops in all
the agricultural regions within the
country. Also, maps of the crop-growing
areas of the countries are featured. The

handbooks provide a quick and easily
understood reference for assessment of
the climate/agriculture for these
countries. Development of additional
handbooks in FY 1985 is planned.

The " handbooks
are:

currently available

#1 Agroclimatic Handbook - Argentina
#2 Agroclimatic Handbook -~ Brazil
#3 Agroclimatic Handbook - Australia

Daily Meteorological Data for
Argentina and Brazil

Historic daily temperature and pre-
cipitation data are needed to evaluate
the plant process models in Argentina
and Brazil. Data were developed during
FY 1982 at the National Climatic Data
Center. The synoptic reports transmitted
on the Globa! Telecommunication System
were used to produce daily estimates of
daily maximum and minimum tempera-
ture and daily precipitation amounts.
These data were incomplete; the plant
process models need complete data
throughout the growing season as well as
prior to that time. This requirement for
prior data is necessary to establish the
soil moisture. It was necessary to use
spatial and temporal objective analysis
both for quality control and for providing
missing data. The quality control was
done in FY 1983; controlled and com-
plete data sets were provided to allow
some testing to begin in FY 1984,

Micro-Computer Applications

Several AgRISTARS data sets and
tasks are on Apple microcomputers.
NOAA-7 data from channels 1 and 2 have
been displayed in color on the Apple
computer but not in the ACCS, Real-
time data can be acquired by dial-up
from the U.S. National Weather Service
(NWS) IBM 360/195 mainframe computer.
Regression models can be developed on
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the Apple microcomputers. These models
can then be used to provide real-time
yield estimates using data retrieved from
the NWS real-time data sets Communi-
cation with Apple computers at other
locations was also accomplished, and
data were successfully transmitted.

Corn/Soybeans Data Base

A data base was developed of pro-
duction input variables and yield per-
formance trials for corn and soybeans in
the U.S. Corn Belt region. Progress was
also made in developing procedures for
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converting soybean performance trials
data into a genetic index which will help
explain the gradual long-term increase in
soybean yield. In addition, a survey was
completed for corn and soybean produc-
tion inputs and cropping practices for
sample fields in Illinois, lowa, and
Missouri. This data will be used to help
track the effect of changes in cultural
practices, input combinations, and tech-
nology on corn and soybean yields.
Inclusion of these factors as input
variables for large area crop Yyield
models will be explored.




4.4 SOIL MOISTURE

The objective of the SM project is to
develop and evaluate the technology
needed for remote and ground measure-
ments of soil moisture. Development of
the technology is an intermediate step in
applying the techniques to agricultural
information needs. A knowledge of soil
moisture is important as input to models
for predicting crop yield, plant stress,
and watershed runoff. This work will
provide knowledge about a key variable
needed in several other AgRISTARS
projects.

The SM project is managed by the
USDA/SCS, working closely with the
USDA/ARS and NASA. The scope of the
work includes the improvement of in situ
soil moisture measurement techniques;
the development and evaluation of
remote sensing approaches; and through
mathematical modeling efforts, relating
the in situ and remote sensing measure-
ments to moisture storage over large
areas. Applications of the results will be
applied to various agricultural and hydro-
logical problems over broad regions.

SOIL MOISTURE STUDIES

increasing the accuracy of
these measurements will
have applications in

Microwave and
infrared

e Early warning measurements
e Cropyield estimation
e Watershed runoff
® Vegetative stress
assessment I 101 ihot:
SOASINRN
4.4.1  Technical Objectives

Specific FY 1983 technical objectives
included the following:

e Continue basic research on micro-
wave sensor development and evalua-
tion with particular reference to

e Conduct an

measurement of dielectric properties
and the study of roughness and
vegetation effects.

aircraft experiment
involving repetitive flights of a
dedicated sensor package in order to
develop algorithms for estimating
surface soil moisture over large areas
under diverse conditions.

e Continue to study methods for esti-

mating profile moisture content and
ET fluxes from remotely sensed sur-
face measurements.

e Evaluate the use of geographic infor-

mation systems {GI1S's) to support SCS
program responsibilities.

4.4.2 Microwave Sensor Development
and Evaluation
In order to extract soil moisture

information from remotely sensed obser-
vations of a vegetation-soil complex, the
effects of vegetation on the microwave
response must be well understood. A
series of vegetation experiments, con-
ducted during the summer of 1982 with
truck-mounted microwave radiometers,
indicated that certain crops (such as
mature corn) have both biomass and
structural properties that influence the
microwave sensitivity to soil moisture.
In particular, the orientation of stalks
and the presence of vertical structure in
the crop canopy can greatly affect the
measured microwave response (fig. 39).
The magnitude of this effect varies with
the amount of water in the plant, disap-
pearing at low levels of vegetation water
content.

Analyses of model simulations and
microwave data obtained from truck-
mounted radiometers have verified the
concept of using time series microwave
measurements to distinguish between soil
types based on their hydraulic properties
(such as ponded infiltration rates, water
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Pigure 39.- Effect of corn stalk
orientation on measured brightness
temperature with vegetation biomass
held constant. SM is volumetric
soil moisture in the 0- to S5-centi-
meter layer; V is vegetation water
eontent.

holding capacities, etc.). Results indi-
cate that a relative classification of the
hydrologic soil type can be accomplished
with a one-time microwave measurement
if it is known that the surface soils were
subjected to significant rainfall from 1/2
to 2 days prior to measurement. A more
quantitative classification can be made
if a long-term time series of microwave
data can be collected over large areas
where some ground verification of soil
properties is available.

A comparison of the soil moisture
response of three l.4-gigahertz radiom-
eters from truck and aircraft platforms
at a variety of test sites indicates that
microwave remote sensing of bare soil
produces repeatable and quantifiable
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results regardless of geographic location
and sensor system used. The combined
microwave sensitivity of these data sets
appears to be on the order of 3.4° K per
1 percent change in volumetric soil
moisture for the L-band wavelengths
(2.7° K/percent soil moisture if water-
sheds characterized by some vegetation
and surface roughness are included).
Detailed examination of data from air-
craft flights over agricultural fields in
South Dakota suggests that when the
data are partitioned according to the
level of roughness a direct relationship
can be found between the degree of
roughness and the microwave response.
With the addition of appropriate algo-
rithms to handle the effects of roughness
and vegetation, all of these results
demonstrate the potential of microwave
remote sensing for estimating soil
moisture over large areas (fig. 40).

4.4.3 Microwave Radiometer Aircraft
Experiments

In late 1982 a series of six microwave
data collection flights for measuring soil
moisture was made over a small water-
shed measuring 7.8 square kilometers in
southwestern Minnesota. These flights
provided 100-percent coverage of the
basin at a 400-meter resolution. In addi-
tion, three data collection lines were
flown at lower elevations to provide a
sample of higher-resolution (60-meter)
data. The low level flights provide con-
siderably more information on soil mois-
ture variability. General moisture
change trends were detectable with the
measurements. Surface changes, how-
ever, such as crop harvesting and tillage
appear to have a major effect on
measurements at any one point. Future
measurements over a time series will
have to account for these changes on the
surface.

In 1983 a new aircraft-sensor system
was assembled for soil moisture
research. This system consists of a
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three-beam L-band passive microwave
radiometer, a thermal-infrared scanner,
and an MSS and video camera onboard a
NASA Skyvan aircraft.

This system was used in a series of
eleven flights between mid-May and late
June over sites on the eastern Maryland
portion of the Delmarva Peninsula. The

primary purpose of these experiments
was to verify system performance. Fig-
ure 41 illustrates typical results for a
field with a corn crop during this period.
Analysis of the results to date indicates
that the system is extremely reliable and
should require only minimal day-to-day
ground-truth verification in large area
studies.
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Figure 41.- Maryland cornfield soil
moisture versus brightness tempera-
ture, 1983.

A second objective of this series of
flights was to explore the use of tem-
poral variations in brightness tempera-
ture as a source of information on soil
moisture and evaporation. Preliminary
analyses indicate that cumulative water
balance and brightness temperature are
highly correlated.

4.4.4 In Situ Sensor Development

A prototype instrument for measuring
surface soil water content has been
fabricated and is currently undergoing
testing and calibration. The instrument
uses nuclear magnetic resonance (NMR)
techniques to nondestructively and
nonintrusively measure volumetric soil
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water content at depths of 1.5, 2.0, and
2.5 inches below the soil surface. The
instrument is mounted on a small farm
tractor and is capable of making continu-
ous measurements at speeds in excess of
10 miles per hour.

4.4.5 Evapotranspiration Studies

Thermal-infrared data acquired by
the AVHRR on NOAA satellites were
evaluated in conjunction with the visible
through the near-infrared reflectances,
meteorological data, and land use maps.
A quantitative analysis of infrared data
for surface energy balance yields reason-
able results, consistent with earlier work
by a number of authors. In particular,
surface evaporation results were consis-
tent with the Penman equation in vege-
tated areas, while vegetation-free areas
had lower evaporation values. Examina-
tion of Landsat data and conventional
maps of land use shows that the major
variability apparent in the NOAA image
data, i.e., areas on the order of hundreds
of kilometers, is associated with topog-
raphy, differences in soil characteristics
and farming practices, cities and resi-
dential areas, and other similar factors.

Inclusion of these factors in the
analysis procedure will require a more
sophisticated approach involving extrac~
tion of map-type data from large-scale,
centralized data bases.

4.4.6 Soil Moisture Sensing

The soil moisture sensing program
combines theory with laboratory and
field experimentation as supported by
simulation studies to examine problems
with sensor implementation and applica-
tion.

The dielectric properties of a medium
largely determine its microwave scatter-
ing and emission characteristics. During
FY 1983, several dielectric measurement
programs made notable progress.




An ongoing program to measure the
dielectric properties of soils as a
function of moisture content was
expanded to cover the frequency range
of 1.4 to 18 gigahertz using free-space
and guided-wave transmission tech-
niques. Measurements from a variety of
field soils and texturally distinct
laboratory soils were fitted with
empirical expressions dependent upon
frequency, soil texture, and volumetric
moisture. In addition, a physically based
model, previously found useful at fre-
quencies of 1.4 and 5.0 gigahertz,
adequately described the dielectric
behavior of moist soil at Thigher
frequencies.

An understanding of the dielectric
properties of plant canopy components is
fundamental to quantitative description
of microwave scattering, emission, and
attenuation by vegetation. A variety of
canopy components (leaf, stalk, and
fruit) was measured by guided-wave
transmission techniques to examine the
dielectric dependence on plant moisture
content. Samples of these data are
shown in figure 42 for wheat at 8
gigahertz,

Under field conditions of variable
plant geometry and water content, a
vegetation canopy both scatters and
attenuates incident microwave radiation.
Depending upon frequency and angle of
incidence, these effects tend to limit a
microwave sensor's sensitivity to soil
moisture and enhance its sensitivity to
canopy properties such as biomass and
geometry. A series of field investiga-
tions in FY 1983 sought to further our
understanding of the influence of crop
canopies on scattering and emission.
One-way and two-way canopy attenua-
tion experiments were conducted at
several points in crop development for
wheat (fig. 43), soybeans (fig. 44), and
corn. Repeated sampling allows for a
description of the statistical distribution
of net canopy attentuation for selected
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Figure 42.- Dielectric dependence of
plant eanopy components on plant
moisture content.
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Figure 43.- Microwave measurements
of eanopy attenuation in crop devel-
opment for wheat.
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Figure 44.- Microwave measurements
of eanopy attenuation in crop devel-
opment for soybeans.

points in crop development (fig. 45) and
also permits comparison of canopy atten-
uation between various crops (fig. 46 ).
Additional experiments sought to
quantify the impact on the canopy of
free water due to recent precipitation or
dew. In figure 47 the presence of free
water on mature winter wheat is seen to
produce a 3-decibel increase in back-
scatter at X-band.
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Figure 45.~ Net microwave measure-
mente of canopy attenuation for
soybeans.
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Figure 46.- Comparison of canopy
attenuation among various Crops.

Since most crop canopies undergo
prolonged periods of one or more weeks
with relatively constant dielectric and
geometric properties (excepting the
presence of free water caused by dewfall
or precipitation as mentioned above), it
may be possible to filter out the local
effects of an overlying crop canopy on
microwave sensitivity to soil moisture
using a change detection approach. Such
an approach, successfully applied to L-
band Seasat data from southwestern
Kansas, showed that orbital imagery can
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Figure 47.- Effect of free water on
X-band backscatter in mature winter
wheat.

be readily co-registered, corrected for
radiometric offsets, and ratioed to
display changes within the scene related
to both soil moisture change and crop
husbandry practices. During FY 1983,
field experiments were conducted for
mature canopies of corn and soybeans
which were flooded with water and then
intensively observed over the following
week of evaporative dry-down with both
truck-mounted scatterometers (L, C, and
X bands) and radiometers (S and C
bands). During this time period the crop
canopies remained relatively constant in
terms of wet and dry biomass and crop
stage growth. The results from this
experiment are expected to show the
sensitivity of these sensors to near-
surface soil moisture in the absence of

complicating effects due to a changing
canopy response.

The impact of geographic variables
on radar remote sensing of soil moisture
from an orbital platform was studied
using image simulation techniques.
These variables included topography,
crop canopy cover, and field-size distri-
bution, as well as the spatial distribu-

tions of forests, water bodies, and
cultural features. The 1° by 2° USGS
Lawrence quadrangle from northeast

Kansas served as the test site. A variety
of soil moisture distributions was simu-
lated for this 100- by 120-kilometer
area, based upon historical precipitation
data, soil type, crop type, and crop
growth stage. Simulated C-band radar
imagery at resolutions of 100 meters,
1 kilometer, and 3 kilometers was used
to classify soil moisture within the test
site. For subregions within the site, soil
moisture classification accuracy at a
given sensor resolution was found to be
dependent upon the soil moisture level
and the local geography of the scene.
Figure 48 shows the simulated C-band
radar images for three dates with a
swathwidth of 120 kilometers corre-
sponding to angles of incidence between
7° and 19°, These dates represent
generally moist, wet, and dry conditions
for days 141, 150, and 160, respectively.
Note the striping on the image for day
141 related to the passage of a storm
cell; this is similar to the effects of
rainfall noted on L-band orbital imagery
obtained by Seasat. Examples of pre-
dicted soil moisture distributions for this
day are shown in figure 49 at each sensor
resolution along with the actual soil
moisture distribution. The effect of
geographic subregion on moisture classi-
fication accuracy is shown in figure 50.
This study also found that the use of a
change-detection approach yielded about
a 10-percent improvement in correct
classification of near-surface  soil
moisture.
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4.4,7 Model Research

In related modeling research, investi-
gators have developed an electromag-
netic wave scattering model to simulate
the measured angular distribution of
radar backscatter from vegetation-
covered soil surfaces using a least-
squares fit method. The model takes
into consideration coherent and inco-
herent scattering from a rough soil
surface, which is characterized by two
parameters, the surface height standard
deviation and the surface correlation
length. The effects of vegetation canopy
scattering and attenuation are also
included in the model. The model results
agree well with data obtained at both L-
band (1.6 gigahertz) and C-band (4.75
gigahertz) frequencies (fige 51).
Inversion of model fits to a large collec~
tion of scatterometer data can provide
reliable estimates of the surface rough-
ness characteristics, particularly the
standard deviation of surface height
variations.

To describe the thermal microwave
emission from a vegetation canopy, the
vegetation can be modeled as a homo-
geneous medium containing discrete

scatterers specified by their size,
permittivity, and fractional volume. The
discrete .scatterers in this case consist of
cylinders oriented vertically that model
the stalks of vegetation and are specified
by their radius and length, and ellipsoidal
scatterers of a specified size that
represent the leaves of the vegetation.
A probability density function specifies
the orientation of the ellipsoids. The
purpose of developing this model was to
quantify the effects of the vegetation
canopy on thermal microwave emission
from a soil volume. Simulations utilizing
this model were compared to experi-
mental measurements acquired over sor-
ghum fields at Texas A&M University.
The model simulation compared
extremely well with the experimental
measurements. The overall results show
that the cylindrical scatterers or the
stalks of the vegetation have the
dominant effect on the thermal micro-
wave emissions from the vegetation
volume. Using somewhat different
modeling approaches, researchers at
Massachussets Institute of Technology
and George Washington University are
also making progress toward describing
microwave interactions within a crop
canopy.
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grassland watershed in Oklahoma.

Theoretical modeling can help to
improve our understanding of the funda-
mental physical processes at work within
a vegetation-soil complex. Canopy tem-
perature represents the integrated
response of a crop to prevailing weather
and soil water conditions. If changes in
canopy temperature due to weather can
be quantified and accounted for, then it
should be possible to infer the soil water
status from the canopy temperature. A
steady-state model of transpiration has
been developed which solves the water
balance equation for a plant by explicit
accounting of plant physiologic control
of water loss from [eaf stomata. Once
transpiration is known, the canopy
temperature is obtained from the energy
balance equation. For well-watered
corn, soybean, and sunflower crops, the
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canopy temperature during the signifi-
cant portion of the daylight period is
determined largely by air and dewpoint
temperatures; wind speed and solar radi-
ation have very little effect on the
canopy temperature. As root-zone soil
water decreases, the canopy temperature
increases; this increase is predictable in
terms of crop physiology and soil water
potential.

A model of the energy and moisture
fluxes in the soil and atmospheric
boundary layer has been applied success-
fully to estimate daily evaporation over
wheat and bariey fields in Germany using
thermal-infrared remotely sensed data.
A sensitivity analysis of the model
showed that for bare soil net radiation
was the most important independent




variable required, while for wheat and
barley the air temperature and vapor
pressure wetre as important as the net
radiation. Thus, ground data require-
ments do not appear to be excessive
when used with remotely sensed data to
calculate evaporation with the physically
based model. Overall, surface tempera-
ture was the most critical remotely
sensed parameter, although soil moisture
could be an important mode!l input under
nonpotential evaporation conditions.

Assuming the capability of remote
sensing to measure the net surface soil
moisture fluxes, a model was developed
to monitor net rainfall and evaporation
as well as soil water content over the
entire profile for bare soil conditions.
Verification of the model simulations
with measured field data produced good
results.

The ability of a water uptake model
for sorghum to predict root zone water
content and canopy temperatures was
examined with a view toward potential
application in remote sensing determina-
tion of canopy water stress and crop
vield reduction. Total ET simulated over
a 50-day period using the mode! was
found to be in good agreement with the
experimental values. Soil water content
profiles calculated with the model
showed some systematic deviation from
the measured values, possibly because
the physical nature of the profile was
assumed to be homogeneous. The spread
of the simulated results, however,
reflects the variation of hydraulic soil
properties. A sensitivity analysis showed
minor sensitivity to rooting depth and
distribution, and moderate sensitivity to
the excretion of water by the roots into
dry soil layers.

4.4.8 Geographic Information System

In cooperation with USDA/SCS,
NASA Ames Research Center conducted
several studies in the uses of GlS's for

support of SCS program responsibilities,
including the application of remote
sensing technology.

Interagency planning led to the
definition of multiple task areas:

e GIS Implementation
e Land Resources Modeling
e Direct Assistance/Remote Sensing

The approach used to study GIS
Implementation was to develop analysis
scenarios of SCS operational require-
ments and to relate these scenarios to a
comprehensive review of GIS capabili-
ties. A representative set of SCS
programs was selected and reviewed,
noting the organizational setting of each
program and current technology imple-
mented. The individual programs were
then translated into the GIS domain and
examined for implications to an overall
SCS system design. The program trans-
lation was simplified by first compiling
and documenting generic GIS functional
capabilities, and then describing how
these capabilities would be implemented
within existing SCS programs.

This application of GIS technology to
existing SCS programs could be imple-
mented in several ways, including
internal SCS implementation, coopera-
tion with state-operated GIS's, and use of
Federal data bases. Although the main
thrust of the research concerned studies
examinimg the internal implementation
of GIS technology, the latter two options
were also examined. Through separate
studies of existing state and Federal data
bases, an inventory was completed,
identifying hardware and software in use
as well as data types and formats found
within each data base. This inventory
not only identified potential data sources
for SCS, but also provided an insight into
GI1S implementation.
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The internal implementation study
was completed by reviewing eight candi-
date GIS software packages available
commercially. The packages were
compared to existing SCS processing
requirements and the list of generic GIS
functional capabilities. An inventory of
hardware (including peripherals) capable
of supporting the candidate systems was
also completed in support of the imple-
mentation study. This resulted in a
potential system design that would
function agency-wide.

For the Land Resources Modeling
task, a test was developed to determine
the usefulness of an existing data base to
address SCS resource issues. The
universal soil loss equation (USLE) was
implemented and models run to deter-
mine severity of erosion problems in
Santa Cruz County, California. Results
of this test have shown that an existing
data base can be used as an automated
soil loss information system and that
large areas can be inventoried for
predicted soil loss with savings in both
time and money over conventional
ground sampling methodologies.
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As part of the Direct Assistance/
Remote Sensing task, a study was initi-
ated to evaluate the near-term oppor-
tunities remote sensing offers to
USDA/SCS. Research was initiated to
evaluate remote sensing within the
context of the National Resource
Inventory (NRI) currently underway
within the SCS. An analysis of change
detection techniques using Landsat data
was completed in Santa Cruz County,
California, identifying those techniques
valuable in supporting the SCS's national
inventory. Results of this study have
shown that remotely sensed change
detection techniques, when properly
applied, can: (1) greatly improve the
ability to wupdate and optimize the
sampling design of the NRI; (2) provide a
*quick-look" data layer to help the
resource manager characterize sample
plots before field reconnaissance; and
(3) reduce field costs by intensively
ground checking only those areas identi-
fied by remote sensing techniques as
having changed through time.




4.5 DOMESTIC CROPS AND LAND
COVER

The DC/LC crop acreage objectives
are to improve state and substate crop
acreage estimates by integrating Landsat
data with ground data from the existing
USDA program and to evaluate the
effectiveness of alternative procedures.
The land cover objectives are to explore
methods for meeting USDA needs for
land cover inventories, land-use change
estimates, and mapping products of land
cover,

This project is managed by the
USDA/SRS with support from NASA,
Major crop estimates in the United
States are being addressed first in the
U.S. Great Plains for wheat and in the
Corn Belt for corn and soybeans.

DOMESTIC CROPS AND LAND COVER

Directed at automatic classification and estimation of land cover
with emphasis on major crops, this project uses Landsat and
advanced sensor data to improve accuracy of data classification
on the local level.

4.5.1

Technical Objectives

Technical objectives during FY 1983
focused on the following:

e Developing, testing, and evaluating
operational procedures for estimating
the acreages of major crops over
large areas, such as a state, in a
timely fashion,

e Continuing studies to evaluate SRS
methodology for estimating land
use/land cover.

e Cooperating with various research
and government organizations in
California for purposes of developing
remote sensing procedures applicable
to both agricultural surveys and irri-
gation inventories.

e Evaluating Landsat TM data for their
ability to distinguish crop and land
cover classes.

e Continuing data processing enhance-
ments.

4.5.2 Timely Crop Acreage Estimation

Over Large Areas

For the 1983 crop year, acreage
estimates of major crops for seven states
were calculated by combining Landsat-4
MSS data with ground data. The seven
states were Arkansas, Colorado, Illinois,
lowa, Kansas, Missouri, and Oklahoma
(figs 52) Crops included were winter
wheat, corn, soybeans, rice, and cotton.
The ground data consisted of information
on crop field locations and acreages
obtained from the USDA/SRS June
Enumerative Survey (JES). The esti-
mates that used both Landsat and JES
data averaged about twice as efficient as
those based on the JES data alone. SRS
has reduced the project cost per state
associated with using Landsat data from
$305,000 in 1978 to $120,000 in 1983.
4.5.3 Land Use/Land Cover Estimation

During FY 1983 a state-level land
cover study was conducted in Missouri in
addition to the production of timely esti-
mates of crop acreages. For the land
cover study, additional items were added
to the JES questionnaire wused in
Missouri. These additional items
recorded acreages for 21 nonagricultural
ground covers.

Available spring Landsat data were
combined with ground data to produce
timely crop-acreage estimates for
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Figure 52.- Seven-state area for which MSS and ground data were combined to
produce crop acreage estimates for the 1983 crop year.

planted and harvested winter wheat.
Spring-plus-summer Landsat data were
combined with ground data to produce
estimates for cotton, rice, corn, and
soybeans. In early 1984, the classifica-
tion of the spring-plus-summer Landsat
data will be used to calculate state-level
estimates for the 21 nonagricultural
ground covers.

Also in FY 1983 a study was
completed that analyzed the results of
using single-date versus multidate
Landsat M SS data, plus the results of
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stratifying by soils. This study was
conducted in Robeson County, North
Carolina, for the land covers of forest,
soybeans, corn, and tobacco. The study
findings were that the stratified, multi-
temporal procedure had the highest over-
all accuracy. The addition of a June
Landsat MSS data set to an August data
set had about the same effect on overall
classification accuracy as the stratifica-
tion of the August data set by soils.
However, the unstratified, multidate
approach was clearly better for crop
discrimination.




4.,5.4 California Cooperative Project

Research on remote sensing for appli-
cation to irrigated agriculture was initi-
ated in California in FY 1982, This work
continued in 1983. In addition to SRS
and NASA, cooperators in the project
included the California Departments of
Agriculture and Water Resources and the
University of California at Berkeley.
This project was designed to develop
remote sensing procedures applicable to
both agricultural surveys and irrigation
inventories.

California has a large number of
minor crops rather than a small number
of major crops. This distinguishes it from
Midwestern states, where most of the
DC/LC work in crop-acreage estimation
has been performed. The applicability of
the DC/LC crop-acreage estimation
procedure (described in section 4.5.2) to
California was studied in FY 1983. The
study findings show that with minor
modifications the DC/LC procedure is
applicable to California agriculture.

The FY 1983 study also produced
county estimates of crop acreages and
produced resource maps based on
calculated values called crop odds. A
crop odd is the probability that a Landsat
pixel is a particular crop. Figure 53
illustrates a map based on crop odds.
4.5.5 Landsat TM Evaluation

In FY 1983, classification accuracies
were compared for Landsat MSS and T™
data simultaneously acquired over the
Albemarle Sound region of North
Carolina. This comparison assessed the
effects of sensor attributes that differ
between the two sensors, i.e., spectral,
spatial, and radiometric resolutions.

Three data sets were computer
classified: six- and three-band TM data
sets and a three~-band M SS data set. The
study concluded that the improved

classification accuracy for TM data
resulted primarily from improved radio-
metric resolution and additional spectral
bands. The increased spatial resolution
of TM data played only a minor role in
increasing classification accuracy
because of the large fields in the study
area.
4.5.6 Data Processing Enhancements
In late FY 1982, NASA Ames
Research Center replaced their ILLIAC
1V computer with a Cray 15 computer.
Several processing steps in the DC/LC
crop-acreage estimation procedure were
programmed on the Cray 1S during FY
1983. The cost of classifying an entire
MSS scene (four channels) into twelve

categories was reduced from over $1000
on the ILLIAC IV to $35 on the Cray 1S.

Processing steps not performed on
the Cray 1S are performed on a commer-
cially time-shared DEC-10 computer. In
FY 1983, work was initiated to rewrite
the computer programs for these proces-
sing steps. The rewritten programs will
be able to execute on a microcomputer=
based system or on mainframe computers
other than the DEC-10.

One of the processing steps of the
DC/LC crop-acreage estimation work is
the digitization of ground-data photo-
graphs. Prior to FY 1983 this was done
with a digitizing tablet connected by
telephone line to the DEC-10. In FY
1983 two alternative digitizing proce-
dures were evaluated. In four states a
digitizing tablet connected locally to a
microcomputer was used. This resulted
in considerable savings in telecommuni-
cation costs. The ground data for three
other states were digitized with video
digitizing equipment located in
Washington, D.C. Consisting of a tele-
vision camera, an image processing
system, and a minicomputer, this equip-
ment makes possible high throughput
digitizing of ground data.
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4.6 RENEWABLE RESOURCES INVEN-
TORY

The objectives of the RRI project are
the development and implementation, in
the USDA Forest Service, of new remote
sensing technology which will offer
capabilities in support of the national
renewable resource assessment process.
The USDA Forest Service is the manage-
ment agency in the RRI project, and will

be the user of the technologies
developed.

Four main categories are being
addressed:

e National Inventory
e Stress/Damage Assessment

Timberland Classification

e Environmental/Land Use

RENEWABLE RESOURCES INVENTORY

four main categories are
being addressed:

(1) National inventory

(2) Stress/damage
assessment

(3) Timberland classi-
fication

(4) Environmental/land
use
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1973

Use of data from the
Landsat multispectral
scanner and the more
detailed data from the
improved sensors is
planned.

Cle

F /// Cut

Use of data from the Landsat MSS
and the more detailed data from the
improved sensors is planned.

4.6.1 Technical Objectives
The particular objectives in FY 1983
were focused on:

e Improving methods for
display, and use of
mation for more
management,

collection,
resource infor-
efficient forest

e Completion of the Multiresource

Inventory Methods Pilot Test
(MIM PT) and publication of the final
report.

® Transfer of remote sensing technol-
ogy to field users.

4.6.2 Forest Management and Remote

Sensing Activity

Sixteen missions were flown using the
NASA U-2 aircraft with advanced
camera systems to obtain resource data
to support developmental projects. The
San Juan National Forest, Colorado, con-
tinues to be a prime area for the testing
and evaluation of remote sensing tech-
niques. Other areas of data acquisition
include the Hill Country in central
Texas, east Texas Pineywoods, and the
Northeastern United States. The Texas
data were used to evaluate the extent of
infestation of oak wilt in central Texas
and the extent of the southern pine
beetle outbreak in east Texas. The data
acquired over the Northeastern United
States were used to determine the extent
of hardwood defoliation caused by the
gypsy moth. Improvements were made
on equipment used to laminate positive
transparency film. Lightweight portable
light tables were designed, constructed,
and tested for use with positive trans-
parency film. Testing was done on part
of the 1983 demonstration of optical bar
panoramic aerial mapping of hardwood
defoliation (caused by the gypsy moth)
over a multistate area of the
Northeastern United States.
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4.6.3 Multiresource Inventory Methods
Pilot Test

The MIM PT was concluded and a final
report was written. The MIMPT demon-
strated the potential use of Landsat
satellite technology for conducting
recurrent inventories over large land
areas. Driven by USDA Forest Service
requirements, the pilot test provided
information to support resource planning
activities as well as forest inventory and
assessment activities at national, state,
and multicounty levels.
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4.6.4 Technology Transfer

Considerable emphasis was placed on
transferring remote sensing techniques
to the field users in the Forest Service as
well as to other state and Federal agen-
cies. Several advanced remote sensing
and photointerpretation workshops were
conducted at the field office level.
Support was provided to several field
units to carry out local remote sensing
projects.




4.7 CONSERVATION AND
TION

POLLU-

The conservation assessment portion
of the C/P project addresses applications
in three areas: inventory of conservation
practices, estimation of water runoff
using hydrologic models, and determina-
tion of the physical characteristics of
snowpacks.

The pollution portion of the C/P pro-
ject provides an assessment of conserva-
tion practices through the use of remote
sensing techniques to assess quantita-
tively such factors as sediment runoff,
gaseous and particulate air pollutants,
and the impacts of these factors on
agricultural and forestry resources.

The USDA/ARS manages the C/P

project with support from NASA and
NOAA.

CONSERVATION AND POLLUTION

Conservation entails:

(&) Conservation practices
(2) Water runoff studies

(3) Snowpack studies d

4) Thermatl infrared et 7
studies of soil ey
moisture //

Pollution studies entail: 74

[&)] Assessment of

contaminated
sediment runoff

(2) Air pollution

(3) Impact of total
pollution on forestry
and agriculture

4.7.1 Technical Objectives
Specific FY 1983 technical objectives
focused on the following:

e Determining the utility of remotely
sensed data for the identification and
inventory of existing soil conserva-
tion practices and for input to erosion
models.

e Determining the suitability of present
and planned remote sensing data for
use in existing hydrologic models and
developing new models or components
to incorporate remotely sensed data
for water resources management.

e Using available visible, near-infrared,
and microwave satellite data in con-
junction with radiometric measure-
ments from ground-based and aircraft
systems to analyze the physical
properties of snow and the effects of
changes in snowpack conditions.

e Studying the potential use of Landsat
MSS data as input to pollution models
and evaluating methods of remotely
measuring atmospheric oxidants in
areas where impact on vegetation is
suspected.

4.7.2 Conservation Practices Inventory
Preliminary data analysis during FY

1983 indicated that some conservation

practices can be successfully detected in

Landsat-4 TM data. However, a number

of existing practices are of such size and

definition that present sensors and
standard techniques cannot detect them
with great accuracy.

High-resolution photography at two
different scales has been evaluated for
the Kansas, Mississippi, and Oklahoma
test sitess A matrix has been developed
from the results of that interpretation

which indicates the requirements for
identifying a number of different
practices.

4.7.3 Soil Erosion Modeling

The goal of this task is to survey the
feasibility of using remote sensing tech-
niques for providing various inputs to an
erosion mode! using the USLE. Four
areas experiencing large soil loss rates
have been chosen as study sites in
Alabama, Kansas, Mississippi, and
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Oklahoma. Remotely sensed data from
the Landsat MSS and the TM are being
integrated with digitized soils and topo-
graphic data bases as input for deter-
mining the values of the various factors
that make up the USLE.

All remotely sensed data have been
acquired, and construction of digitized
soils and topographic data bases has been
completed in FY 1983.

Preliminary use of the USLE model
with Landsat MSS data in Alabama and
Mississippi has been reviewed with the
USDA/SCS personne! of these states, and
results indicate great promise.

4.7.4 Water Resources Management

The SRM has been tested on a variety
of basins worldwide, with tests recently
completed on the largest basin studied so
far, the Kings River Basin (4000 square
kilometers) in California. Results from
the model applications consistently
indicate that satellite snow-cover extent
is the most important variable for SRM,
Figure 54 shows the results from 4 years
of simulations of runoff using SRM
throughout the snowmelt-runoff season,
with snow-cover extent information
being obtained from both NOAA and
Landsat. Results from 14 international
basins indicate that the model accuracy
for simulation of seasonal water yield
(volume) is 97 percent and of daily flows
is 85 percent. The SRM User Manual has
been been published (NASA RP-1100),
and SRM is ready for conversion to
operational forecasting.

The U.S. NWS River Forecasting System
(NWSRFS) model is being modified to ac-
cept remote sensing data. One aspect of
the modification involves restructuring
of procedures in the mode! to permit
remote sensing updates of model states
and forecasts. The other important
aspect is the development of a method to
areally average data acquired over a
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basin by both conventional and remote
sensing means for input to models. Such
a method has been developed and is
called the correlation area method
({CAM). This method takes into account
that there are certain basic differences
in spatial and temporal coverage of var-
ious types of data. The CAM can appor-
tion and weight conventional point data,
aircraft flight line data, and spaceborne
large-area coverage observations over
the same basin. Different combinations
of data will be available at different
times, and CAM will allow basin-wide
parameter estimates based only on the
data available at a given time. Thus,
data emission from certain sensors at
any time will not prevent operation of
the model.

A more long-range approach to utiliz-
ing this new technology is to design a
family of hydrologic models to be com-
patible with remote sensing capabilities.
The overall framework (fig. 55) for this
model has been assembled. The model is
designed to use: general hydrologic land
cover categories available from satel-
lites; snow-covered area for driving a
snowmelt-runoff algorithm; surface soil
moisture available from microwave data
for soil moisture accounting and linkage
to a soil moisture profile model; vegeta-
tive indices, biomass estimates, and sur-
face temperature for ET and intercep-
tion calculations; and high-resolution
data for channel network and overland
flow considerations. In addition to
making optimum use of the spatial and
temporal characteristics of the remote
sensing data, the new mode! employs a
GIS as an integral feature for overlaying
data, merging data of different char-
acteristics, and performing hypothetical
basin treatments for design studies. The
digital format of the remote sensing data
and the large volume of data that can be
collected with remote sensing make the
use of the GIS madatory. The new model
is now ready for field testing.
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Figure 54.- Discharge simulation for
the snowmelt-runoff model .

4.7.5 Snowpack Studies

A field and aircraft experiment was
conducted in the Sierra Nevadas in
California in February 1983. Snow pit
data were collected by investigators
from the University of California at
Santa Barbara during an overflight by a
NASA CV-990 aircraft equipped with the
airborne multichannel microwave
radiometer (AMMR). The objective of

the

Kings River Basin, California, using

this experiment was to determine the
microwave signatures of deep (less than
2 meters) snow. Data are under analysis.

Using scanning multichannel micro-
wave radiometer (SMMR) satellite data,
investigators found that a comparison of
the horizontal and vertical polarizations
can be useful for analyzing the structure
of a snowpack. Analysis of data from 10
satellite overpasses of the Midwestern
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STRUCTURE OF REMOTE SENSING BASED CONTINUOUS STREAMFLOW
MODEL CURRENTLY UNDER DEVELOPMENT
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Figure 55.- Structure of remote-sensing-based continuous streamflow model

currently under development.

United States has revealed that hori-
zontally polarized Ty (radiation temper-
ature) data correlate better, in general,
with snow depth than do vertically polar-
ized data. In addition, when large dis-
crepancies were found in the response of
the horizontally and vertically polarized
data to snow depth (fig. 56), snowpack
melting and/or metamorphism was
apparently occurring.

4.7.6 Agricultural Water Quality Studies
A comparison was made between

ground data collected from Lake Chicot,
Arkansas, and Landsat TM data collected
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on September 23, 1983. A preliminary
analysis of limited data indicates that
TM data may be useful in monitoring
suspended sediment and chlorophyll in a
lake with high suspended sediment loads.
Total suspended loads ranged from 168 to
508 parts per million (ppm). TM band 3
appears to be most useful, with bands 1,
2, and 4 also containing useful informa-
tion relative to suspended sediments.
Considering water data only, bands 1, 2,
and 3 appear to provide similar informa-
tion. Bands 3 and 4 are also significantly
related. Bands 5 and 7 appear to have
independent information content relative
to the presence or absence of water.
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Figure 56.- A comparison of the hor-
tzontal and vertical polarizations
of snow depth.

Insufficient range of water temperature
ground-truth data made an evaluation of
TM band 6 difficult.

TM and MSS bands 1, 2, 3, and 4 all
appear to respond to changes in water
quality. TM bands 1, 2, 3, and 4 appear
to have overlapping information content
for water sites, while TM bands 5, 6,and
7 probably provide independent, though
similar, information about water sites.
MSS and TM bands 1, 2, 3, and 4 were
strongly correlated with each other for
water sites. Thus, the main benefits of
TM data, as compared to MSS data, for
water sites would be gained mainly from
their better ground resolution and higher
quantification rather than from their
separation of the spectral signal.

4.7.7 Air Pollution and Vegetation
Impact

A scanning spectroradiometer
specially designed for work in open-top
field exposure chambers was constructed
and tested late in the 1982 growing sea-
son. The laboratory-type instrument,

located in a small camper-style trailer
near the field site, uses 50-meter lengths
of optical fibers to reach the chambers
in the field and is capable of measuring
light intensities from 400 to 1100 nano-
meters at a 20-nanometer band width.
The first reflectance spectra were
obtained from soybean plants growing in
open-top chambers in the field and being
exposed to different low concentrations
of ozone throughout the growing season.
An analysis of these spectra is complete
and suggest the following:

e Ozone effects on the reflectance
from the soybean plants were most
obvious at wavelengths between 560
and 620 nanometers (fig. 57).

e Ozone promotes early senescence.
Injury is not obvious until later in the
growing season. Visible injury occurs
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Figure 57.- Reflectance of soybeans
in the vieible portion of the spec-
trum. Plants were exposed for 7
hours per day throughout the growing
season either to 20 or 60 ppb ozone
or to charcoal filtered air.
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earlier in the growing season, but it is
generally limited to the lower leaves
and is therefore not as apparent to
the overhead sensor of the spectro-
radiometer.

In contrast to results of earlier work
with snap bean plants exposed to high

ozone concentrations for short time
periods in growth chamber experi-
ments, no differences in reflectance
were observed in the near-infrared
(700~ to 1100-nanometer) part of the
spectrum of soybean plants exposed
to much lower ozone concentrations
for much longer times.




APPENDIX A

AgRISTARS MANAGEMENT AND ORGANIZATION

1. INTRODUCTION

The program scope of AgRISTARS
specifically addresses the seven
information requirements identified by
the Secretary of Agriculture.2 It is
structured into projects designed to
conduct research, develop, test, and
evaluate the various applications of
aerospace technology. These projects
are designed to support a decision
regarding the routine use of remote
sensing technology by USDA.

2, RESPONSIBILITIES

The organization and management
philosophy recognizes that each involved
Government agency enters into an agree~
ment to support remote sensing research
which will address the information
requirements defined by the USDA. Each
Government agency budgets, manages,
and maintains control of the resources
necessary to meet its own responsibili-
ties as jointly agreed upon (see fig. A-1),

3. JOINT MANAGEMENT
STRUCTURE/ORGANIZATION

The program utilizes the matrix
management system. There are eight
major projects, each having a number of
tasks assigned to various line organiza-
tions of the participating agencies. Each
of the eight projects has a project man-
ager who reports to a Program Manage-
ment Group (PMG). The PMG, in turn,
takes its direction and guidance from the
Interagency Coordinating Committee

2joint Program of Research and
Development of Uses of Aerospace
Technology for Agricultural
Programs, February 1978.

(ICC). As viewed in figure A-2, the
functional relationships are structured
into a three-level management system,
each having distinct responsibilities.

3.1 INTERAGENCY COORDINATING
COMMITTEE

The ICC is comprised of membership
from USDA, NASA, USDC, UDSI, and
AID. It is chaired by the USDA and is
responsible for approving AgRISTARS
program objectives and establishing
priorities; approving the AgRISTARS
Program Plan; assessing  progress,
identifying problems, and developing
corrective actions; and coordinating the
use of resourses assigned to the program.,

3.2 PROGRAM MANAGEMENT GROUP

The PMG represents a joint approach
to management which provides participa-
tion, project integration, and needed
visibility by all participants and assures
full responsiveness to USDA information
requirements.

The PMG is a full-time management/
coordination group responsible for a wide
range of management and support activi-
ties for both the ICC and the research
projects. Included are tasks related to
the following areas:

e Program/Project Plans

e Change Control Function

o Project Support

e Data Requirements Consolidation

® Resources Planning and Monitoring

® Review and Reporting
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4. PROJECT MANAGERS

Each of the projects is headed by a
project manager whose selection from a
participating agency is based principally
upon considerations of technical exper-
tise and expected levels of agency
involvement. The project managers are
responsible to the PMG for planning and
managing activities within their projects.
This includes defining project content,
identifying expected projects and
schedules, assessing status and progress,
identifying problems, making change
recommendations, planning and defining
tasks, and participating with other
project managers in the integration of
the various projects.

5. REVIEW AND REPORTING

A review and reporting plan has been
established to support major program
planning and budgetary events.

Each year in the August through
September period, the PMG, project
managers, and task managers update the
project implementation plans to reflect
current budgets and the results and
recommendations resulting from the
various reviews,

Internal reviews are held at the
various levels of management as
required.

6. DOCUMENTATION

All aspects of the program are being
documented in full by reports; technical
memoranda and journal articles, as
appropriate; press releases; and program
progress reports,

7. PARTICIPATING ORGANIZATIONS

Many elements of Government,
industry, and the university community
are participants in AgRISTARS.




APPENDIX B

AgRISTARS PROGRAM AND PROGRAM=-RELATED DOCUMENTATION

1. GENERAL

This appendix contains a by-project listing of all AgRISTARS program and program-
related documentation from program inception through documentation of tasks
completed in FY 1983, The listing provided has been further subdivided within each
project into areas of plans, reports, procedures, etc., to facilitate easy retrieval of
desired documentation.

2, REQUESTING DOCUMENTS

2.1 AgRISTARS DOCUMENTS WITH NTIS NUMBERS

Reproduction of all AgRISTARS documents with NTIS numbers should be available by
writing:

National Technical Information Services
5285 Port Royal Road
Springfield, Virginia 22161

Otherwise, request documents according to instructions in sections 2,2 and 2.3.

2.2 CONTROLLED DOCUMENTS

Documents which carry an AgRISTARS control number may be obtained from NASA/)SC
by either telephone or mail request. Address requests to:

Lyndon B. Johnson Space Center
SC - Documentation Manager
Houston, Texas 77058
Telephone 713-483-4776

2.3 UNNUMBERED DOCUMENTS (00900 SERIES AND PRESENTATIONS)

Requests for material within this area will be honored based upon availability of data.
Requests should be made to:

Lyndon B. Johnson Space Center
(Appropriate Project)

SC - Program Management Group
Houston, Texas 77058
Telephone 713-483-2548



0. AgRISTARS PROGRAM
DOCUMENTATION (AP)

Reports

0-01, AgRISTARS Annual Report.
1980, NTIS: 82N23609.

0-02, AgRISTARS Documents Tracking List Report,
AP-11-04116, First Edition, Feb, 1981,

0-03, AgRISTARS Documents Tracking List Report.
AP-11-04116, Second Edition (February, March, April, May
1981), June 1981,

0-04, AgRISTARS Documents Tracking List Report,
AP=-L1-04116, Third Edition (Through September 1981),

0-05. AgRISTARS Documents Tracking List Report.
AP-L2-04116, Fourth Edition (Through March 1982),

0-06. AgRISTARS Documents Tracking Llist Report.
AP-12-04116, Fifth Edition (Through June 1982),

0-07. AgRISTARS Documents Tracking List Report.
AP-1L2-04116, Sixth Edition (Through December 1982),
0-08. Data Directory Report, AP-)1-04137, |SC~17415,

0-09, AgRISTARS Annual Report - Fiscal Year 1981,
AP-}2-04225, Jan, 1982,

0-10, AgRISTARS Research Report - Fiscal Year
1982, AP-12-0393, Jan. 1983,

0-11. AgRISTARS Documents Tracking List Report,
Seventh Edition, AP-L3-04116, )SC-18887, LEMSCO-
19557, Seventh Edition (Through June 1983),

AP-]0-04111,

Plans

0-12, AgRISTARS Technical
AP-}0-00628, |SC-17153, }an. 15, 1980,

0-13. AgRISTARS Technical Program Plan - Appendix B
Data Management Plan - Volume |. AP-J0-00628-1,
J$C-17153, April 11, 1980,

0-14, AgRISTARS Data Management Plan, AP-L1-
00630, JSC-17158, May 1981,

0-15. AgRISTARS, First Year Achievements. MU-J1-
00629, }SC-17156, June 1981,

0-16. AgRISTARS Program Directive (ADP),

AgRISTARS Program Relationship to Foreign Countries.
ADP 80-1, Dec. 4, 1979.

0-17. AgRISTARS Program Directive (ADP),
ABRISTARS Technical Approach Definitions, ADP 80-2,
Mar. 5, 1980,

0-18, AgRISTARS Program Directive (ADP),
AgRISTARS large Scale Applications Tests (LSAT').
ADP 80-4, Apr. 24, 1980.

0-19, AgRISTARS Management/Organization Plan.
AP-)0-00632, )SC-17396, )an. 15, 1980,

0-20, AgRISTARS Program Documentation, Manage-
ment/Organization Plan, April 19, 1982, AP-]1-C0637,
}SC-17419, Apr. 1982,

Program Plan.

0-21, AgRISTARS Program Documentation, Program
Plan, April 19, 1982, AP-}2-C0651, ]SC-18224, Apr. 1982,

0-22, AgRISTARS Revised
AP-]0-C0659, JSC-18578, Sept. 1982,

0-23, AgRISTARS Program Documentation, 1984
Program Plan. AP-)3-C0662, }SC-18898, Dec. 1983,

0-24, AgRISTARS Resources Plan, Nov. 5, 1980,

Program Plan.

PRECEDING PAGE BLANK NQT FiLKID

0-25, AgRISTARS Technical
AP=]9-00631, | SC-17395, Apr. 20, 1979,

Program Plan.

1. EW/CCA Instructions
1-01, Soil Moisture/Early Warning and Crop Condition
Assessment Interface Control Document. MU-]0-00101,
§}SC-16842, Nov. 1980, NTIS: 82N19628,

1-02, Yield Model Development/Early Warning and
Crop Condition Assessment Interface Contro! Document.
M U~J0-00102, JSC~16843, Nov. 1980,

1-03. Crop Condition Query Software Documentation.
EW-L2-00103, |SC-18271, LEMSCO-18618, Sept. 1982,

Reports

1-04, Meteorological Satellite Data - A Tool to
Describe the Health of the Worlds Agriculture.
EW-N1-04042, )SC-17112, Feb. 1981, NTIS: 81N31596.

1-05. Hand-He!d Radiometry - A Set of Notes Devel-
oped for Use at the Workshop on Hand-Held Radiometry,
EW-U1-04052, }SC-17118, Oct. 1980, NTIS: 81N28496,
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}SC-16359, LEMSCO-14673, July 1980,

4-53, Purity Data Report. SR-10-00452, NAS 9-14350,
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4-74, Normal Crop Calendars, Volume 1l: The Spring
Wheat States of Minnesota, Montana, North Dakota, and
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Development Stage Estimation of Corn From Spectral
Data - An Initial Model. SR-J0-00488, JSC-16816, Aug.
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4-76. Ilustration of Year-to-Year Variation in Wheat
Spectral Profile Crop Growth Curves, SR-}0-00489, JSC-
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4-77, Contextual Classification of Multispectral

Imagery Data Approximate Algorithm. SR-P0-00491, NAS
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4-78, On the Existence, Uniqueness, and Asymptotic
Normality of a Consistent Solution of the Likelihood
Equations for Nonidentically Distributed Observations-
Applications to Missing Data Problems. SR-H0-00492,
NAS 9-14689, Sept. 1980.

4-79, An Assessment of Landsat Data Acquisition
History by ldentification and Area Estimation of Corn and
Soybeans. SR-P0-00494, NAS 9-15466, June 1980,

4-80, Taxonomic Classification of World Map Units in
Crop Producing Areas of Argentina and Brazil With
Representative U.S. Soil Series and Major Land Resource
Areas in Which They Occur. SR-U0-00497, JSC-16824,
Oct, 1980, NTI5: 82N19633,

4-81, Spectral Reflectance of Soils: A Literature
Review. SR-]J0-00498, ] SC-16825, Aug. 1980,

4-82, Classification of Wheat: Badhwar Profile Simi-
larity Technique. SR-L0-00499, JSC-16826, LEMSCO-
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4-83. A Semi-Automatic Technique for Multitemporal
Classification of a Given Crop of a Landsat Scene. SR-jO-
04001, JSC-16829, Oct, 1980,
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Meteorological Crop Stage Estimation Approaches. SR-
L0-04002, )SC-16830, LEMSCO-14640, Oct. 1980, NTIS:
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4-85. Maximum Likelihood Estimation for Mixture
Models. SR-J0-04007, )JSC-16832, LEMSCO-14880, Oct.
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gram Review Presentation to Level, Interagency
Coordination Committee. SR-}0-04011, JSC-16836, Nov.
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Periodic Ground Truth. SR-L0-04012, )SC-16837,
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14350, Nov. 1980,
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NAS 9-14350, Oct. 1980,

4-91, U.S.S.R. Crop Calendars in Support of the Early
Warning Project. SR-1.0-04019, JSC-16844, LEMSCO-
14675, Dec. 1980,
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CLASSY, SR-X1-04046, NAS 9-15981, Mar, 1981. NTIS:
81N 31600,

4-110. New Output Improvements for CLASSY., SR-X1-
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Mounted Boom for Evaluation of a Multiband Radiometer
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B-24

4-121, Six-Channel Thematic Mapper Simulation. SR-
L1-04098, }SC-17139, LEMSC0-16342, May 1981,
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cation to Mixture Proportion Estimation. SR-T1-04207,
NAS 9-14689, Sept. 1981,

4-160. Mars X-Band Scatterometer. SR-K1-04213, NAS
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4-179. Data Documentation for the 1981 Summer Vege-
tation Experiment. SR-K2-04336, NAS 9-15421, May 1982,
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9-16457, Sept. 1982,

4-182. Intercepted Photosynthetically Active Radiation
in Wheat NAS Canopies Estimated by Spectral
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4-185. Linear Discriminate Analysis With Misallocation
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4-186, On the Error in Crop Acreage Estimation Using
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5-31, Jan, 1983.

4-202. A Simulation Study of Scene Confusion Factors in
Sensing Soil Moisture From Orbital Radar. SR-K3-04438,
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Minutes

4-204, Minutes of the Semi~Annual Formal Project Man-
ager's Review. SR-)0-00503, jSC-16839, Oct. 7, 1980,
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4-205. Supporting Research Project Implementation
Plan. SR-}9-C0602, )SC-16340, Dec. 1979.

4-206, Supporting Research Project Implementation
Plan. SR-J0-C0615, JSC-16834, Oct. 1980,

4-207. Supporting Research Project Implementation Plan
(FY82 and FY83)., SR-)1-00636, )SC-17417, Apr, 1982,

4-208, Argentina Ground Data Collection Plan for 1981~
1982 Crop Year. SR-E1-00644, NAS 9-15476, NAS 9-
14565, Nov, 1981, NTIS: 82X74798,

4-209, Supporting Research Project Research Plan
Document, SR=]2-00652, |SC-18247, June 1982,

4-210, Supporting Research Project Implementation Plan
for Fiscal Year 1983, SR-]J2-C0653, JSC-18266, Sept.
1983,

Procedures

4-211,  As-Built Documentation  of Programs to
Implement the Robertson and Doraiswamy/Thompson
Models. SR=-L1-00717, )JSC-17400, LEMSCO-16376, June
1981, NTIS: 82N21638,

4-212, User Guide to Spring Small Grain Planting Date
Distribution Model. SR-L1-00720, JSC-17410, LEMSCO-
16669, Aug. 1981,

4-213, Semi-Automated Procedure for Producing High-
Purity Labels for Corn and Soybean Crops. SR-L1-00726,
JSC-17786, LEMSCO=-17105, Nov. 1981.

4-214, User's Guide for the Profile Parameter Classifi-
cation System, SR-L1-00727, JSC-17655, LEMSCO-17272,
Aug. 1981, NTIS: 82X74789.

4-215, Development of a Corn and Soybean Labeling
Procedure for Use With Profile Parameter Classification.
SR-L2-00750, )SC-18257, LEMSCO-17765, June 1982,

4-216, Accuracy Assessment User's Guide for NAS-3000,
SR-L2-00757, }SC-18586, LEMSC0O-18927, Dec. 1982,

4-217, User Guide for the Extraction of Landsat Spectral
and Agronomic Data, SR-L3-00761, JSC-18598, LEMSCO-
19253, Jan. 1983,

Unnumbered Documents

4-218, Amis, M. L., R. K, Lennington, M. V, Martin, W.
G. McGuire, and S. S. Shen: Evaluation of Large Area
Crop Estimation Techniques. Fifteenth Int. Symposium on
Remote Sensing of the Environment (Ann Arbor, Michigan),
vol. 2, May 11-15, 1981,

4-219, Badhwar, G. D., ). G. Carnes, and W. Austin: Use
of lLandsat-Derived Temporal Profiles for Corn-Soybean
Feature Extraction and Classification. Remote Sensing of
Environment, vol. 12, Mar. 1982, pp. 57-79,

4-220, Cicone, R., E. Crest, R. Kauth, P. Lambeck,
N. Malila; and W. Richardson: Development of Procedure
M for Multicrop Inventory, With Tests of a Spring Wheat
Configuration. Environmental Research Inst. of Mich.,
NASA CR ERIM 132400-16-F, Mar. 1979,

4-221, Crist, E,, and W. Malila: A Technique for Auto-
matic Labeling of Landsat Agricultural Scene Elements by
Analysis of Temporal-Spectral Patterns. Fifteenth Int.
Symposium on Remote Sensing of the Environment, May
1981,




4-222, Crist, E, P., and W. A, Malila: Temporal-Spectral
Analysis Technique for Vegetation Applications of
Landsat. Fourteenth Int. Symposium on Remote Sensing of
the Environment (San Jose, Costa Rica), Apr. 1980,

4-223, Doraiswamy, P., and D, Thompson. Nov.-Dec,
1980, An Agromet Crop Phenology Model for Spring
Wheat. American Society of Agronomy, Crop Sci. Soc. of
America, Soil Sci. Soc. of America,Nov.~Dec. 1980,

4-224, Feiveson, A.: Aids for the Identification of Sta-
tistical Concepts. The Joint Statistical Meeting of the
American Stat. Assoc. and Biometric Soc. (Houston, Tex.),
Aug. 1980,

4-225, Hay, C, M,, L. H, Beck, and E. ). Sheffner:
Remote Sensing of Arid and Semi-Arid Lands. Int,
Symposium on Remote Sensing of the Environment, (Cairo,
Egypt), Jan. 1982,

4-226. Holmes, Q. A., and R. Horvath: Procedure M: An
Advanced Procedure for Stratified Area Estimation Using
Landsat. Fourteenth Int. Symposium on Remote Sensing of
the Environment (San Jose, Costa Rica), Apr. 1980,

4-227, Kauth, R, J., and G, S. Thomas: System for Anal-
ysis of Landsat Agricultural Data. Environmental Res,
Inst. of Michigan, NASA CR ERIM 109600,

4-228, Kauth, R, }.,, R. C, Cicone, and W. A, Malila:
Procedure M: A Framework for Stratified Area
Estimation. Sixth Annual Symposium on Machine
Processing of Remotely Sensed Data, Purdue Univ. (W,
Lafayette, Ind.), June 2-6, 1980,

4-229. Kauth, R, j., W. A. Malila, R. Horvath, and R, C.
Cicone: Design Consideration for Resource Inventory
Systems. Fourteenth Int. Symposium on Remote Sensing of
the Environment (San Jose, Costa Rica), Apr. 1980,

4-230, Lennington, R, K., and M. E, Rassbach: CLASSY-
An Adaptive Maximum Likelihood Clustering Algorithm,
Proc. Technical Sessions, The LACIE Symposium, Vol. i,
july 1979, pp. 671-691. (See ref. 1 for availability.)

4-231, Malila, W, A,, P. F. Lambeck, and E. P. Crist:
Landsat Features for Agricultural Applications,
Fourteenth Int. Symposium on Remote Sensing of the
Environment (San Jose, Costa Rica), Apr. 1980.

4-232,  Pitts, D.,, and G. Badhwar: Field Size, Length,
and Width Distributions Based on LACIE Ground Truth
Data. Remote Sensing of Environment, 1980, pp. 201-213,

4-233., Richards, ). A,, D. A, Landgrebe, and P. H.
Swain: Pixel Labeling by Supervised Probabilistic
Relaxation. [IEEE Trans, Pattern Analysis and Machine
Intetligence, vol. Pami-3, no. 2, Mar. 1981,

4-234, Seminar by Bob Sielken at Mathematics Dept. of
Univ. of S. Dak., Spring 1980, Reports 18, 19, and 20.

4-235, Thompson, D,, and O. Wehmanen: Using L andsat
Digital Data to Detect Moisture Stress in Corn-Soybean
Growing Regions. Photogrammetric Eng. and Remote
Sensing, vol. 46, no. 8, Aug. 1980, pp. 1087-1093.

5. SM Instructions

5-01. Yield Mode! Development/Soil Moisture Interface
Control Document. MU-}0-00100, JSC-16841, Nov, 1980,
NTIS: 82N19629,

5-02. Soil Moisture/Early Warning and Crop Condition
Assessment Interface Control Document. MU=-J0-00101,
)JSC-16842, Nov. 1980, NTiS: 82N19628,

Reports

5-03, Neutron-Meter Calibration for the 1978 Colby
Soil Moisture Experiment. SM -L0-00415, JSC-13775,
LEMSCO-14082, Feb. 1980.

5-04, Evaluation of Gravimetric Ground Truth Soil
Moisture Data Collected for the Agricultura! Soil Moisture
Experiment 1978 Colby, Kansas, Aircraft Mission. SM-LO-
00441, JSC-16357, LEMSCO-14600, Oct. 1980, NTIS:
81N 29494,

5-05. Kanemasu, E. T., A. Feyerherm, J. Hanks,
M. Keener, D. Lawlor, P. Rasmussen, H. Reetz, K. Saxton,
and C. Wiegand: Use of Soil Moisture Information in Crop
Yield Models. SM-M0-00462, NAS Tech. Memo., 9-14899,
Evapotranspiration Lab,, Kansas State Univ. (Manhattan ),
June 1980,

5-06. Agricultural Soil Moisture Experiment, Colby,
Kansas, 1978: Measured and Predicted Hydrologic
Properties of the Soil. SM-L0-00463, JSC-16366,
LEMSCO-14307, Oct. 1980, NTIS: 82N19632,

5-07. A Parametric Study of Tillage Effects on Radar
Backscatter. SM-J0-00470, JSC-16372, July 1980.

5-08. Wang, J., ). Shive, E. 7. Engman, ). McMurtrey,
C. P, Lawless, T. J. Schmugge, T. J. Jackson, W. Gould,
J. Fuchs, C. Calhoon, T. Carriahan, E. Hirschmann, and
w. Glazar: Remote Measurements of Soil Moisture by
Microwave Radiometers at BARC Test Site. SM-GO-
00471, Aug. 1980,

5-09, Comparison of the Characteristics of Soil Water
Profile Models. SM-L0-00490, JSC=-16818, LEMSCO-15330,
jan. 1981,

5-10, Joint Microwave and infrared Studies for Soil
Moisture Determination. SM=-Y0-00495, NAS 7-100, Sept.
1980,

5-11. Armand, N. A,, F. A, Mkrtchyan, and A. M.
Shutko: Computer Realization of Algorithms for Charting
the Moisture Content of Soil by UHF Radiometric Data,
SM -G2-00800, GSFC, Dec. 1982,

5-12, Comparison of Ground and Airborne Remote
Sensing Radar Measurements, SM-K0-04004, NAG 5-30,
Oct. 1980,

5-13, Aircraft Radar Response to Soil Moisture. SM-
K0-04005, NAG 5-30, Oct. 1980,

5-14, 1978 Agriculture Soil Moisture (ASME) Data
Documentation. SM=-K0-04006, NAG 5-30, Oct. 1980,

5-15. Data Documentation for the Bare Soil Experiment
at the University of Arkansas. SM-A0-04008, NAS 9-
14251, Jan, 1980,

5-16, Soil Moisture Project Evaluation Workshop.
SM-R0-04016, Nov, 1980.

5-17. Calculations of the Spectral Nature of the Micro=-
wave Emissions From Soil. SM-G0-04018, NASA Tech.
Memo. 82002, Nov, 1980, NTIS: 81N24495,

5-18, Descriptive and Sensitivity Analyses of
WATBAL1: A Dynamic Soil Water Model. SM-L0-04021,
JSC-16846, LEMSCO-15672, Mar. 1981, NTIS: 81N29507,

5-19. Final Report: Agriculture Soil Moisture
Experiment, SM=K1-04035, NAS 9-14052, Jan. 1981,

5-20, Agricultural Soil Moisture Experiment: Evalua-
tion of 1978 Colby Data Collected for Comparative
Testing of Soil Moisture Models., SM~L1-04047, |SC-17115,
LEMSCO-15324, May 1981,
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5-21, Ulaby, F. T., F. Kouyate, A, K. Fung, and A. |.
Sieber: A Backscattering Model for a Randomly Perturbed
Periodic Surface. SM-K1-04048, RSL TR 460-4, NAG 5-30,
Univ. of Kans., Apr. 1981, Also, IEEE Int, CGeoscience and
Remote Sensing Symposium, IGARSS-81, (Washington,
D.C.), June 8-10, 1981, cat. no. 81-CH1656-8, vol. 2,
pp.1280-1293, Also, IEEE Trans. Geoscience and Remote
Sensing, vol. GE-20, no. 4, Oct. 1982, pp. 518-528,

5-22, An Approximate Model for Backscattering and
Emission for Land and Sea. SM-K1-04049, NAG 5-30, Mar.
1981.

5=-23, A Parameterization of Effective Soil Tempera-
ture for Microwave Emission. SM-G1-04050, NASA Tech.
Memo. 82100, Mar, 1981, NTIS: 81N24494,

5-24, Airborne Microwave Remote Sensing of Soil
Moisture, SM-T1-04057, NAG 5-31, Mar. 1981,

5-25, Application of Strong Fluctuation Random
Medium Theory to Scattering of Electromagnetic Waves
from a Half Space of Dielectric Mixture. SM-T1-04058,
NAG 5-31, Mar. 1981,

5-26, Field Calibration of the Dual-Tube Gamma Soil
Moisture Gauge. SM-T1-04060, NAG 5-31, Mar, 1981,

5-27, Spatial Varijability of Hydraulic Properties of Soil
as Described by Scaling and Its Relation to Remotely
Sensed Soil Parameters. SM-T1-04063, NAG 5-31, Mar.
1981,

5-28. Survey of Applications of Passive Microwave
Remote Sensing for Soil Moisture in the U,S.5.R. SM-R1-
04084, May 1981,

5-29, A Computer Program for the Simulation of Heat
and Moisture Flow in Soils, SM-G1-04086, Apr, 1981,

5-30, Ground Registration of Data From an Airborne
Scatterometer, SM-L1-04091, JSC-17296, LEMSCO-16340,
June 1981, NTIS: 82N21636,

5-31, Wang, J. R., J. E. McMurtrey Ili, E. T. Engman,
T. J. Jackson, T. J. Schmugge, W. |. Could, W. S. Glazar,
and ). E, Fuchs: Radiometric Measurements Over Bare
and Vegetated Fields at 1.4 GHz and 5 GHz Frequencies.
SM-G1-04113, NASA Tech. Memo. 821531, GSFC, June
1981, NTIS: N8222587, Also, Remote Sensing of
Environment, vol. 12, 1982, pp. 295-311.

5-32, Ground Registration of Data From an Airborne
Multifrequency Microwave Radiometer (MFMR). SM-L1-
04118, JSC-17152, LEMSCO-16800, Oct. 1981, NTIS:
82N 22593,

5-33, The Effect of Soil Water Upon Soil Albedo. SM-
T1-04128, NAG 5-31, June 1981,

5-34, Owe, M., E. B. Jones, and T. J. Schmugge: Soil
Moisture Variation Patterns Observed in Hand County,
South Dakota. SM-G1-04129, TM-82171, GSFC, Aug.
1981, NTIS: NB8224535. Also, Water Resources Bull., vol.
18, no. 6, Dec. 1982, pp. 949-954,

5-35, Prisms Workshop M eeting Report - Vol. I, SM=-G1-
04135, Aug. 1981,

5-36, Prisms Workshop Meeting Report - Vol. ||,
Technical Presentations. SM-G1-04136, Aug. 1981,

5-37. Ground Truth Report: 1980 Texas A&M Univer-
sity Soil Moisture Experiment, SM-T1-04152, NAG 5-31,
Sept. 1981,

5-38, A Model for Microwave Emission From
Vegetation Covered Fields, SM=-G1-04173, Oct. 1981,
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5-39, Wang, J. R., T. ). Schmugge, ). E. McMurtrey Ill,
w. b Gould, Ww. S. Glazar, and ). E. Fuchs: A
Multifrequency Radiometric Measurement of Soil Moisture
Content Over Bare and Vegetated Fields., SM-G1-04178,
NASA Tech. Memo. 83842, Oct. 1981, NTIS: 82N23611,

5-40, Ulaby, F. T.,, M. Razani, and M. C. Dobson:
Effects of Vegetation Cover on the Microwave Radio-
metric Sensitivity to Soil Moisture. SM-K1-04179, RSL TR
460-6, NAG 5-30, Univ. of Kans., Mar. 1982, Also, IEEE
Trans. Geoscience and Remote Sensing, vol. GE-21, no. 1,
Jan. 1983, pp. 51-61.

5-41, Microwave Emission From a Periodic Soil
Surface. SM-K1-04180, NAG 5-30, Nov. 1981,

5-42, A Model for the Radar Backscattering
Coefficient of Bare Soil. SM-K1-04182, NAGC 5-30, Jan.
1982,

5-43, Annual Report: Accomplishment of NASA
Johnson Space Center Portion of the Soil Moisture Project
in Fiscal Year 1981, SM=-L1-04209, JSC-17798, LEMSCO-
17305, Jan. 1982,

5-44, Ulaby, F. T., A, Aslam, and M. C. Dobson:
Effects of Vegetation Cover on the Radar Sensitivity to
Soil Moisture. SM=-K1-04210, RSL TR 460-10, NAG 5-30,
Univ. of Kans.,, Dec. 1981. Also, IEEE Trans. Geoscience
and Remote Sensing, vol. GE-20, no. 4, Oct. 1982, pp. 476~
481,

5-45, A Multifrequency Measurement of Thermal

Microwave Emission From Soil: The Effect of Soil Texture
and Surface Roughness. SM-G1-04218, Dec. 1981,

5-46, Camillo, P. )., and T, ). Schmugge: Estimation of
Soil Moisture Storage in the Root Zone From Surface
Measurements: SM-G2-04221, NASA Tech. Memo. 83885,
GSFC, Jan. 1982, A4lso, Soil Sci. vol. 135, no. 4, Apr. 1983,
pp. 245-264,

5-47, Fortran Implementation of Friedman's Test for
Several Related Samples. SM-L2-04234, )SC-17816,
LEMSCO=17502, Feb. 1982,

5-48, Active Reflector for Radar Calibration, SM-K2-
04240, NAG 5-30, Feb. 1982,

5-49, A Comparison of Soil Moisture Characteristics
Predicted by the Arya-Paris Mode! with Laboratory-
Measured Data. SM-L2-04247, ]SC-17820, LEMSCO-
17187, Mar. 1982,

5=50, Ulaby, F. T., C. T. Allen, and A. K. Fung: Method
for Retrieving the True Backscattering Coefficient From
Measurements With a Real Antenna, SM-K2-04268, NAG
5-30, Univ. of Kans.,, Apr. 1982, Also, IEEE Int.
Geoscience and Remote Sensing Symposium, IGARSS-82
(Munich, Germany), June 1-4, 1982, cat. no, 82-CH14723-
5. Also, IEEE Trans. Geoscience and Remote Sensing, vol.
GE=-21, no. 3, July 1983, pp. 308-313,

5-51. The Effects of Vegetation Cover on the Radar
and Radiometric Sensitivity to Soil Moisture. SM-K2-
04269, NAG 5-30, Apr. 1982,

5-52. Semi-Annual Program Review Presentation to
Level ), Interagency Coordination Committee. SM-U2-
04274, }SC-18226, Apr. 10, 1982,

5-53, Computer Simulation of a Space SAR Using a
Range-Sequential Processor for Soil Moisture Mapping.
SM-K2-04284, NAS 9-16419, Apr. 1982,




5-54, Wang, J. R.: Passive Microwave Sensing of Soil
Moisture Content: The Effects of Soil Bulk Density and
Surface Roughness. SM-G2-04285, NASA Tech. Memo.
83937, GSFC, May 1982, Also, Remote Sensing of
Environment, vol. 13, 1983, pp. 329-344,

5-55. tncoherent Scattering of Microwave From Rough
Soil Surfaces. SM=-G2-04291, May 1982,

5-56, Radar Cross Section Measurements Using a
Radiometer Receiver. SM-K2-04299, NAG 5-30, May
1982,

5-57. Aircraft Active Microwave Measurements for

Estimating Soil Moisture. SM-R2-04308, june 1980,

5-58, Aircraft Remote Sensing of Soil Moisture and
Hydrologic Parameters, Taylor Creek, Fiorida, and Little
River, Georgia, 1979 Data. SM-R2-04309, Sept. 1981.

5-59, Hawley, M., R. H. McCuen, and T, J. Jackson:
Volume=-Accuracy Relationship in Soil Moisture Sampling.
SM-R2-04314, USDA-ARS, Mar, 1982. Also, ). Irrigation
and Drainage Division, ASCE, vol, 108, no. IR1, 1982, pp.
1-11,

5-60., Wang, J., P. O'Neill, E. Engman, J. McMurtrey 1],
R. Lawless, T. Schmugge, T. Jackson, W. Gould, J. Fuchs,
and W. Glazar: Remote Measurement of Soil Moisture by
Microwave Radiometers at BARC Test Site II,
SM-G2-04315, NASA Tech. Memo. 83954, June 1982,

5-61. Measurement of Soil Moisture Using Remote
Sensing Multisensor Radiation Techniques. SM-A2-04322,
NAS 9-14251, May 1982,

5-62, Application of Numerical Integration of Laplace
Transform In Estimating Thermal Diffusivity Near the Soil
Surface: Uniform Initial Condition, SM~M2-04330, NAS 9-
16457, July 1982,

5-63. Jackson, T, ).: Survey of Applications of Passive
Microwave Remote Sensing for Soil Moisture in the
U.S.S.R. USDA-ARS, SM-R2-04331, May 1982. Also, EOS,
Trans. American Geophysical Union, vol. 63, no. 19, 1982,
pp. 497-498,

5-64, Radar Backscatter Measurements of Periodic Soil

Surfaces: Data Documentation. SM-K2-04339, NAG 5-30,
Aug. 1982,

5-65. Aircraft Remote Sensing of Soil Moisture and
Hydrologic Parameters, Chickasha, Oklahoma, 1980 Data
Report. SM=-R2-04352, July 1982,

5-66, Assessment of Radar Resolution Requirements
for Soil Moisture Estimation from Simulated Satellite
Imagery. SM-K2-04356, NAS 9-16419, Aug. 1982,

5-67. Investigation of Remote Sensing Techniques of
Measuring Soil Moisture. SM-T2-04363, NAG 5-31, jan.
1981,

5-68. Eom, H. J., and A. K. Fung: Backscattering
Coefficient of a Perturbed Sinusoidal Surface. SM=-K2-
04371, RSL TR 460-13, NAG 5-30, Univ. of Kans., Sept.
1982,

5-69. Mo, T., T. J. Schmugge, and T. J. Jackson:
Calculations of Radar Backscattering Coefficient of
Vegetation-Covered Soils. SM-G3-04400, TM-85006,
NAS 5-24350, GSFC, Mar. 1983, Also, Remote Sensing of
Environment (to be published).

5-70. Method of Measuring Soil Moisture - A Biblio=-
graphy. SM=-R3-04403, Apr. 1983,

5-71. Dobson, M. C., P. Kouyate, and F. T. Ulaby: A
Reexamination of Soil Textural Effects on Microwave
Emission and Backscattering, SM-K3-04422, RSL TR 460-
17, NAG 5-30, Univ. of Kan,, May 1983,

5-72. Brunfeldt, D. R., and F. T. Ulaby: Measured
Microwave Emission and Scatter in Vegetation Canopies.
SM-K3-04423, RSL TR 460-18, NAG 5-30, Univ. of Kan.,
May 1983,

5-73. Newton, R. W., and M. R. Smith: Prediction of
Root Zone Soil Moisture With a Water Balance Microwave
Emission Model. SM-T3-04425, RSC TR 136, Tex. A&M
Univ., May 1983,

5-74, Choe, Y., and L. Tsang: A Mathematical
Characterization of Vegetation Effect on Microwave
Remote Sensing From the Earth: SM-T3-04436, RSC TR
139 Tex. A&M ‘Univ,, Aug. 1983,

5-75. Tsang, L., and R. W. Newton: Microwave
Emissions From Soils With Rough Interfaces. SM-T3-
04445, RSC TR 107, Tex. A&M Univ., Nov. 1980. Also, J.
of Geophysical Res., vol. 87, 1982, pp. 275-281,

5-76, Newton, R, W., B, V, Ciark, and }. F. Paris:
Microwave Systems Approach to Measuring Root Soil
Moisture. SM-T3-04447, RSC TR 138, Tex. A&M Univ.,
June 1983,

Plans

5-77. Experiment Plan: Row and Roughness Effects on
Dependence of Active Microwave Measurements of Soil
Moisture. SM=-}J0-00613, jSC-16822, LEMSCO-15181, Oct.
1980, NTIS: 81N33575,

5-78, Soil Moisture Implementation Plan, SM-=}1=~
€0620, §SC-17108, 1981,
5-79, Soi!l Moisture Implementation Plan. SM=J1-

C0627, JSC~17150, 1980,

5-80, Plan for Analysis of the Colby Agricultural Soil
Moisture Experiment (ASME) Remote Sensing Data or
Near-Surface Soil Moisture Prediction. SM-L1-00647,
JSC-17796, LEMSCO-17289, Nov. 1981,

5-81, Soil Moisture Project Implementation Plan for
Fiscal Years 1982 and 1983, SM-U1-00650, )SC-17802,
Nov. 1981,

5-82, Soil Moisture Project Implementation Plan for
Fiscal Year 1983, SM-U2-C0658, jSC-18570, Sept. 1983,

Technical Transtations

5-83, Determination of Changes in the Hydrolic and
Thermal Profits of Soil by Simulation and Remote
Sensing. SM-}1-00800, JSC-16857, Feb. 1981,

Presentations

5-84, Engman, E, T.: Agricultural Needs Related to

Satellite Hydrology. Fifth Annual Pecora Memorial
Sy mposium (Sioux Falls, S, Dak.), June 10, 1979,

Unnumbered Documents

5-85. Bouma, J., R, E. Paetzold, and R. B. Grossman:

Application of Hydraulic Conductivity Measurements in

Soil Moisture Survey. Soil Survey Investigations Rep.,
USDA=-SCS (in press).
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5-86, Bouma, }., R. F. Paetzold, and R. B. Grossman:
Measuring Hydraulic Conductivity for Use in Soil Survey.
Soil Survey Investigations Rep. no. 38, USDA-SCS, 1982,
p. 14,

5-87. Choudhury, B, J.: A Parameterized Model for
Global Insolation Under Partially Cloudy Skies. TM-82135,
GSFC, May 1982, Also, Solar Energy, vol. 29, no. 6, 1982,
pp. 479-486,

5-88. Choudhury, B. J., T. ). Schmugge, and T. Mo:
Parameterization of Effective Soil Temperature for
Microwave Emission. Publication in JGR, June 1980,

5-89, Engman, E, T, Remote Sensing Input and Feed-
back for Hydrologic Forecasting and Simulation Models.
Proc. Sixteenth Int. Symposium on Remote Sensing of the
Environment, 1983, pp. 195-204,

5-90, Engman, €. T,, T. J. Jackson, and T, }. Schmugge:
Implications of Complete Watershed Soil Moisture
Measurements to Hydrologic Modeling. Int. Geoscience
and Remote Sensing Symposium (San Francisco) 1983,
vol. 1.

5-91. Jackson, T. J. Profile Soil Moisture From

Surface Measurements. J. Irrigation and Drainage
Division, ASCE, vol, 106, no. IR2, 1980, pp. 81-92,

5-92, Jackson, T. )., and P. O'Neill: Aircraft Scatter-
ometer Observations of Soil Moisture on Rangeland Water-

sheds. Proc. American Soc. of Photogrammetry
(Washington, D.C.), 1983.

5-93, Jackson, T. J., A. Chang, and T. }J. Schmugge:
Active Microwave Measurements for Estimating Soil
Moisture in Oklahoma. Proc. Fall Technical Meeting of
the ASP, 1980. Presented at Fall Technical Meeting of the
ASP (Niagara Falls, N.Y,), Oct. 1980,

5-94, Jackson, T. J.,, A, Chang, and T. ). Schmugge:
Aircraft Active Microwave Measurements for Estimating
Soil Moisture. Photogrammetric Eng. and Remote Sensing,
1980 (accepted for publication).

5-95, Jackson, T. J., T. J. Schmugge, and P. O'Neill:
Passive Microwave Remote Sensing of Soil Moisture from
an Aircraft Platform, Remote Sensing of Environment,
vol. 14, 1983,

5-96. Jackson, T, J., T. J. Schmugge, and P, O'Neill:
Remote Sensing of Soil Moisture From an Aircraft
Platform. Proc. Int. Symposium on Remote Sensing and
Data Transmission (Hamburg, FRG), 1983,

5-97. Jackson, T. J., T. }. Schmugge, and }. R, Wang:
Passive Microwave Sensing of Soil Moisture Under
Vegetation Canopies. Water Resources Res., vol. 18, no. 4,
1982, pp. 1137-1142,

5-98. Jackson, T. J., T. J. Schmugge, A. D. Nicks, G. A,
Coleman, E. T. Engman, and }J. R. Wang: Apnalysis of
Microwave Remote Sensing of Soil Moisture for Hydrologic
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